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Cnoco6 roroTOBJieHHH oceccHMMeTpHHHbix aeTajiefi h cnoco6bi hstotob- 
JieHHH aaroTOBOK H3 MHorocpaaHbix cnjiaBOB am ero ocymecTBJieHHH 

M3o6peTeHHe othochtc* k oSjiac™ o6pa6oTKH MeranjioB aasjieHHeM, b hhct- 
> hocth , k cnoco6aM H3roTOBJieHHJi TOHHbix 3aroTOBOK flerajien THna ahckob, c kohh- 
necKOH, noiiycc})epHMecKOH h apyrHMH ocecHMMerpHHHb.MH 4)opMaMH, Bb.nojiHneMbix 
H3 MajioruiacTHHHbix h T P y iI HO/ I e(j)opMHpyeMb.x MarepHa^OB, HanpHMep, H3 acapo- 
npoHHbix cnjiaBOB. 

B COBpeMeHHblX KOHCTpyKUMHX 3HeprCTHMeCKHX yCTaHOBOK, B HaCTHOCTH, n P H- 

Me H}I eMbix b aapoK-ocMHMecKoR rexHHKe uiiipoKo HcnojibsyioTca Bb.coKOJierHpoBaHHb.e 
MHoro(})a3Hb,e cn/iasb. H a ochobc miiee™, ththhs h *ejie3a. Ohh OTJiHHaiOTCJ! bwco- 
koh )KaponpoMHOcTbK) h CTOMKocTbK) K ra 3 OBOH ko PP o3hh, BMecxe c T e M o6jH«aioT 

njIOXHMH TCXHCnorilMeCKHMH CBOUCTBaMH ,,3-33 HH3KOH njiaCTHWHOCTH H BblCOKOFO CO- 

npoTHBjieHHfl ^opMauHH. 3to o6yaioBJiiiBacT BbicoKyio rpy^oeMKOCTb, 3 H epro H Ma- 
Tepna^o3aTpaTb. npoueccoB H3roTOB.nemifl , n mix aerate* MeroaaMH o6pa6oxKH aaa- 
JieHHeM . Oco6b.e cjiohchoctii npnxoanrca npeoaojieBaxb npw mroroBJieHHH h 3 cynep- 
cnjiasoB aeTajiefi 6o.nbiuoro -uuiMeTpa ». c;io>khoh KOH(J)HrypauHH. 

H3BecreH cnocoo inroTOB.icinia flerajiefi, ujh P oko pacnpocrpaHeHHb.fi no fl H a- 
3BaHHe M « Gatorizing ™" [|]. OGpaooxKa TpyaHOflapopMHpyeMbix cn„a B OB no ash - 
HOMy h 3o6peTeH h to ocymccTBimcrcji b am 3xana. Ha nepBOM 3Tane b no/iycpa6pHKaxe 



4)opMHpyeTCfl MejiK03epHHCTafl crpyKTypa nyTeM HarpeBa 3aroTOBKH HecKOJibKO hm>kc 
TeMnepaTypbi HopMajibHofi peKpHCTajuiH3auHH h hhtchchbhoh njiacTHMecKofi ae<f)op- 
MaqHH c yMeHbiueHHeM njioma^H nonepenHoro ceneHHfl He MeHee 4:1. Ha BTopoM 3Ta- 
ne nojiy(})a6pHKaT c MejiK03epHHCTOH crpyKTypon noflBepraeTca uiTaMnoBKe b ycjiOBH- 
ax cBepxnjiacTHHHocTH. 3aTeM ujTaMnoBKy noflBeprarcrr OKOHHaTejibHOH TepMHnecKOH 
o6pa6oTKe c uejibio BOCcrraHOBJieHMfl >KaponpowHbix cbohctb . Cnoco6 no3BOJiseT H3ro- 

TaBJIHBaTb UlTaMnOBaHHbie 3arOTOBKH CJIOHCHOH (|)OpMbI C MHHHMaJIbHblMH aonycKaMH . 

OflHaKO HHTeHCMBHafl njiacTHMecKa^ ae4)opMauHfl , ocymecrBJiaeMaa no jxaHHOMy cno- 
co6y, npHBO^HT k pe3KOMy yMeHbuieHHio 6oJiee hcm b 4 pa3a nnomaflH nonepeHHoro 
ceneHMH hcxootmx 3aroTOBOK . 3to cymecTseHHO orpaHHHHBaer MaKCHMajibHbie flHa- 
MeTpajibHbie pa3Mepbi (He 6oJiee 200 - 300 mm) noJiynaeMbix H3 hhx CBepxnjiacrHHHbix 
nojiy(})a6pHKaTOB h KOHenHbix ocecHMMeTpHHHbix H3AeJiHH. OSbiHHO Hcxo^HbiMH 3aro- 
TOBKaMH zuih AaHHoro cnocoGa criyacaT otjihbkh , OAHaKo , juih BbicoKOJierHpoBaHHbix 
HHKejieBbix cnjiaBOB npeanoHTHTejibHee Hcnojib30BaTb nopoiiJKOBbie MaTepHajibi, no- 
CKOJibKy ohm b jiymueH Mepe OTBenaioT Tpe6oBaHH5iM o^hopoahocth no crrpyKType m 
XHMHHecKOMy cocrraBy. 

HeooxonnMO TaK>Ke OTMeTHTb, mto pan jxerraneii H3 ^caponpoHHbix HHKejieBbix 
cnnaBOB , HanpHMep , HHTerpajibHbie poTopbi ( ahckh c jionancaMH) hjih ahckh ra30- 
Typ5HHHbix aBHraTejiefi 3KcnjiyaTnpyioTCfl b cjiohchmx ycjiOBHHx . B pa3JiHMHbix 30Hax 
TaKHX jxenajitH BbiroAHo c(J)opMHpoBaTb cneunajibHbie HeoflHopo^Hbie crpyKTypHbie 
coctohhhh , KOTopbie 6bi o6ecne4HBajiH onTHMajibHbiw KOMnneKC cbohctb c yneroM 
peajibHbix ycjioBHH 3KcnjiyaTaunH AeTajiefi. XlocTHHb 3Toro HcnoJib3ya cnoco6 [1] He- 
bo3mo>kho , no3TOMy 6bma npeimoweHa .ancJx^epeHUHpoBaHHafl TepMHwecKaa o6pa- 
6oTKa [2]. riocne BbicoKOTeMnepaTypHOH o6pa6oTKH JionaTOMHOH Hacrn HHTerpajibHO- 
ro poTopa c})opMHpyeTCfl xpynH03epHHCTafl crpyKTypa, b to BpeMfl KaK b ^hckoboh 
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Mac™ coxpaH«erc» MejiKoaepHHcraa crpyKrypa. B pesyiisrare nonynacna Aeraj, b c 

MexaHHHeCKHMH CBOMCTBaMH, 6J1H3KHMH K OnTHMEJIbHblM . 

OflHaKO, b qejjoM paccMorpeHHbie cnocoSbi He no3BOJi5.K)T nocrm b noBbiiueH- 
Hb,H ypoeeHb acaponpoHHbix cbohctb , mSmomcMU* . cjiywae npHMeHeHHJi repMOMe- 
xaHHHecKOH o6pa6oTKH. KpoMe roro np H noaroxoBKe cipyKryp* h mraMnoBKe. b 
ycjjoBHax CnjJ, [1-2] TpeSyerca npHMe H eHHe 3HeproeMKoro Ky-SHewHo-npeccoBoro 
o6opyAOBaHHa h 6oji b uioro kohh necTBa aoporocroameH uiraMnoBofi ocHacncH . 

Eojiee Bbiro^Ho ocecuMMeTpHHHb.e aera™ H3roTa BJ iHBaTb Mero^MH jioKajibHo- 
ro ^opMooep^oBaHHH, wanpHMep, npoKaTKofi. TaK K a K b 3 tom ciiynae b KawecrBe hh- 
crpyMeHTa Hcno;ib3yK>Tc a P o;ihkh, OTJiHHaroiUHec* 6ojibu,eH yHHBepcajibHocTbio , cy- 
mecTBeHHo MeHbWHMH P a3MepaMH h 6o,iee npocrofi (J,o P moh no cpaBHeHwo co ui T a M - 
na M H. KpoMe roro o6opy fl oBaHHe aji* npoKarKH no MerajuioeMKocm H 3 H epro- 
CM^oBbiM napaMerpaM sHawHroibHo MeHbiiie, we M mraMnoBOMHbie npecca h mojiots , 
npHMeHaeMbie an* HsroxoBJieHH* Aerajiefi aHajiorHHHbix paaiwepoB. [3,4]. 

HaHGojiee 6„h 3 khm no TexHHnecKOH cy™ k H3o6pereHHK) b hecth (j)o P MOo6- 
paaoBawH,, ^aerca cnoco6 H3roTOBJieHns ocecHMMerpHHHb.x aera^efi ™na ahckob co 
crynnueH „ nonoTHOM, BKn^m^ oauuey 3aroTOBKH, nocne^yK, «po P MOBKy 
•BKJiHa paaroHK-on. uixaMnoBKod. npoxaTKOH, Kajm6poBKOH h TepMHHeocyK, o6pa- 
6oTKy [4]. 3tot cnoco6 npe^HaneH m » „3r<m»jieHH« ^uib mnen»X TH na ahckob - 
Jkoiohcwopo^hwx KOiiec M3 oob.wHb.x yr.epoaHcrux cnuidi, HMeiomwx yaoB^erBo- 
P HTe^bHb,e TCXHOJiorHMecKHe caoficraa np„ oGb.hhoh ropHHefi ^opMauHH a wh P o- 
kom reMneparypHOM HHrepBa^e. n 03 TOMy Hcnonbaya npneMb., yKa3aHHb.e b h3bccthom 
cnoco6e, hcbo3mo>kho no^ynarb TOHHb.e aaroroBKH ocecHMMeTpHHHbix aera^efi H3 
TpyaHoae(popMHpyeMb,x acaponpoHHb.x cn„a B oB H a ocHOBe hhkom. xenaa h„h THTa- 
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Ha, HanpHMep, ziwckob TTJl (ra30Typ6HHHbix ^BHraTejieii) a TaKwe jieTajiefi c ajuinnTH- 

MeCKOH, KOHHHeCKOH, nOJiyC(J)epHHeCKOH nOBepXHOCTHMM. 

TaKHM o6pa30M, npw M3roTOBJieHHH KpynHora6apHTHbix ocecHMMeTpMMHbix 
neTajiefi H3 MajionjiacTHHHbix acaponpoHHbix cnJiaBOB, cymecTByeT npp6jreMa nojiywe- 

HH* KpynHOra6apHTHbIX nOJiy(j)a6pHKaTOB H H3fleJIHH H3 HHX C MCHblUHMH 3aTpaTaMH, 

neM no H3BecTHbiM cnoco6aM. 

3a4aneM aaHHoro H3o6peTeHHH ABnae-rca co3^aHHe cnoco6a H3roTOBJieHHa 
KpynHora6apHTHbix ocecHMMeTpHHHbix ^eTajiefi c perjiaMeHTHpoBaHHofi CTpyicrypoH h 
cBOHCTBaMH H3 Tpy;iHo;ie<J)opMHpyeMbix MHoro<})a3Hbix cnjiaBOB, o6ecneHHBaiomero 
cHM>KeHMe Tpy^oeMKocTH h noBbiuieHHe K03(})(})MUHeHTa Hcnojib30BaHHH MaTepwajia 
nyTeM noaroTOBKH 3a/xaHHOH crrpyKTypbi b hcxoahoh 3aroTOBKe h onTHMH3auHH mcto- 
jxob (J)opMoo6pa30BaHHJi. rtpw 3tom no,n, perjiaMeHTHpoBaHHOH crrpyKTypoH noHHMaeT- 
ch jih6o oflHopoiiHaH, jim6o cneuHajibHbiM o6pa30M H3MeHHiomaflC5i no ceneHHHM ae- 
Tajiefi CTpyKTypa. 

nocrraBJieHHafl 3aAana peuiaeTCH b cnoco6e H3roTOBJieHHa 3aroTOBOK, bkjiio- 
MatomeM jiOKajibHoe 4)opMOo6pa30BaHHe npoxaTKOH 3aroTOBKM c ueHTpajibHOH h ne- 
pn(J)epMHHbiMH nacTJiMH, a Taiotce TepMOo6pa6pTKy, OTJiHnaiomeMCJi TeM , mto Hcnojib- 

3VHDT HCXOAHyK) 3arOTOBKy H3 MHOrO({)a3HbIX CnJiaBOB C nOATOTOBJieHHOH CTpy KTypO H , 

ee JiOKajibHoe c})opMoo6pa30BaHHe ocymecTBJiflioT b peryjiHpyeMbix TepMOMexaHHMe- 
ckhx ycjioBHflx b HHTepsajie TeMnepaTyp Bbiuue 0,4 , ho HH>fce TeMnepaTypbi co- 

6HpaTejibHOH peKpHCTajijiH3auHH MaTepwajia 3aroTOBKH, h CKopocrew jiOKajibHOH Ae- 
(})opMauHH 10 2 ~ 10~ 3 c" 1 , npHHeM ueHTpajibHyio MacTb 3aroTOBKH ^ec})opMHpyioT c>Ka- 
TweM hjih oKaTHeM c KpyneHHeM nocpencTBOM nHHOJieft, a nepH(J>epHHHbie nacTH npo- 
KaTbiBaK)T pojiHKaMH, HMeioLUHMH no MeHbUiew Mepe TpH He3aBHCHMbix creneHH CBO- 
6oAbi nepeMemeHHH , c Harpy3KOH q, yaoBJieTBOpaiomeH ycjiOBHHM: 



CT SH >q> CTsa , (i) 
K« a sll > q , ( 2 ) 

rae a sa - HanparceHHe TeneHHfl Marepnajia sarorosKH b ;je(j>opMHpyeMbix , ueHT- 

pajibHofi ,ao Hanajia npoKaTKH, h npoKaTbisaeMbix nepH^epHHHbix, mhcthx; 

ct s H - conpoTHBJieHHe fle<j>opMauHH MaTepHajia 3aroTOBKn b npoAecjKjpMHpo- 

BaHHbix, ueHTpajibHoii nepea npoKancoH , h y5K e npoKaraHHbix nepH<J>epnHHbix , Mac- 
Tax; 

a SH - conpoTHBJieHHe Ae4>op M a U HH MarepHajia HHcrpyMeHTa n P H reMneparype 
iie(})opMauHH 3aroTOBKH; 

K - 3MI1HpHHeCKHH K03t})(})HUHeHT , K<2, 

KpoMe roro OKOHwaTejibHyio Te P Moo6pa6oTKy aerajieii npoBow c narpeBOM Bb.me 
HiiH HHace reMneparypbi pacTBopeHHs bto P oh cfcaabi hjih ajmorponHHecKOH MOflH(J)HKa- 

UHH MaTpHUb. B 33BHCHMOCTH OT C(})OpMHpOBaHHOH B pesyjIbTETe paCKaTKH MHKpO- 

CTpyKTypw. 

Ueiiecoo6pa3HbiMH npn ocymecTBJieHHH cnoco6a aBJiaioTca rexHOJiorHnecKHe 
npHeMbi, 3aK^iowaK)mHecfl b tom.'hto : 

CpeaHJOK) CKOpOCTb JTOKMbHOH fl ec|)OpMaUHH Bbl6H Pai OT paBHOH ( 10 2 - 10" 2 ) 

c ' hjih (NT 2 - I0" 3 ) c 1 cooTBercTBeHHo npn HajiHHHH MejiKosepHHCTOH , Menee 10 
mkm, hjih KpynHosepHHCTOH CTpyKxypbi b pacKaTWBaeMoft Macro ; 

4)opMoo6pa30BaHHe 3aroTOBKn Bejjyx no 3a/jaHHOH nporpaMMe , ynpaajiaa Tene- 
HHeM Merajuia npn 4>opMOH3M chchhh nocpejjcrBOM KOHTpojia h cpaBHeHH* 3afla H Hbix h 
JieficTBHTejibHbix napaMcrpoB npouecca, HanpnMep, ycnjiHH, momchtob, n P Hiio>KeHHb,x 
k HHcrpyMeHxy h 3aroTOBKe, no.ioKeHHJi, cKopocm, BejiHHHHb. h HanpaBJieHHa nepe- 
MemeHHS HHcrpyMeHTa h fleficTBHTenbHwx pasiuepoB 3aroTOBKH; 



npoKaTKy c OAHOBpeMeHHbiM npHHyjiHTejibHbiM BpameHHeM 3aroTOBKH h pojih- 
kob npoH3BOflflT c comacoBaHHeM hx yrjioBbix CKopocreH jio 3HaneHHH, cootbct- 
cTByiomHx MHHHMajibHOMy npocKajib3biBaHHK) MOKjxy hhmm; 

MOMeHTbi ot Harpy3KH win Ka>Kixofi napbi HaKJioHHbix pojihkob, B3HHMHO ypaB- 

HOBeiUHBaiOT B COOTBeTCTBHH C COOTHOIlieHMeM: 

qi*Si«Li = q i+ i •S l + l • Lj +1 , (3) 

r\ae q i5 q+i - y^ejibHbie ycHjina pojihkob, 

Sj ,S j+ i - ruiomaziH KOHTaicra pojihkob c 3aroTOBKon; 

Li? Li +1 - paccroHHHfl ot ueHTpa T«>KecTH njiomaw KOHTaicra no och BpameHHfl 
3aroTOBKH; 

i - 1,2,3,4 ... KOJiHHecTBO pojihkob; 

npn npoKaTKe cHH>KaiOT TeMnepaTypy b npoKaTaHHOH nacTH nocpeflCTBOM 
oxjia>KAeHH5i ueHTpajibHOH nacTH; 

npoKaTKy npoH3BOAHT no KpafiHefi Mepe AByMS napaMH pojihkob, npn 3TOM ycn- 

JIHH XtecJ)OpMHpOBaHH51 JUW Ka>KHOrO pOJIHKa 3aAaK)T B Ka>KAbIH MOMeHT BpeMCHH OJXH- 

HaKOBbie; 

4)opMOo6pa30BaHHe jxerajicvi THna ^hckob npoH3BO,aflT nonepeMeHHbiM CMeme- 
HHeM npn npoKaTKe b paiinajibHOM HanpaBJieHHH pojihkob, 4>opMHpyiomHX BHyTpeH- 
hk)jo noBepxHOCTb o6oAa AHCKa. apyr OTHocnTe/ibHO apyra Ha BejiHHHHy, He npeBbi- 
ujaiomyK) hjihhy o6pa3yK)iueH hx HawajibHoro KOHyca; 

(J)opMoo6pa30BaHHe ^erajien Tnna ahckob npoH3BOA«T OAHOBpeMeHHO no 
MeHbiueH Mepe TpeM» pojniKaMn, o6pa3>K)ujHMH BMecTe KajinGp, oahh H3 KOTopbix 
4>opMHpyeT BHeujHfOK) noBepxnocTb o6ona zuiCKa c ycnjineM He 6ojibLUHM, weM ycHJina 
OTAByx Apyrwx pojihkob. (})0pMnpyK)uuHx BHyTpeHioK) noBepxHOCTb o6oaa; 



(DopMooGpaaoBaHHe AcraneH Tnna ooonoweic nporaBowr c nepno^HecKHM 
huh Henpep b ,BH W M CMemeHMeM nHHo^efi on.ocHTem.Ho hcxoahoh njioococn. npoxaTKH 
Ha cyMMapHyK) BejiHWHHy, paBHyio 3aaaHH0H crpe^e npor H 6a aerajiH; 

(DopMoo6pa30BaHHe aerajieH ™na o6ojiohck npoH3Bo/MT pojiHKaMH, pacnojio- 

™' MH " a pa3Hb,x P*™»»»»x ox uenrpa BpameHH* wotobkh , He npeBumawumx 
flJiHHy HanajibHoro KOHyca pojihkob; 

npoKaxKy Be^yr c yBejiHneHHeM cko P octh nepeMemeHH* P o;ihkob b paanajibHOM 
HanpaBJieHHH ot och mcKa mcKa; 

npoKaxKy coacHonpocf^bHb.x, HanpHMep , KOM6HHH P OBa H Hb,x AerajieH rnna 
/iHCKa c BajioM, Be^yr no Mermen Mepe rpeun pojiHKaMH , co6cTBeHHb,e och koto P mx 
Moryr noBopawHBarbc* b npcaenax or 0 m 1 paanana no othouichhio k och BpameHH* 
3aroTOBKH h cocTaBJiHTb c flpyrHMH pojiHKaMH yro* b npejwnax ot 0 jxo 2n pawan; 

3arOTOBKy FipOKaTblBaiOT P OJIHKaMH CMemeHHbZMH OTHOCHTeJIbHO imOCKOCTH, 

npoxoiwmeH we P e 3 ocb 3 aroTOBKH na Be,HWH H y He npeBb.tna^yK, cpe^HHH paanyc 

pa6oweH nacTH HHcipyMeHTa; 

TOJiiuHHy npoKaxbiBaeMofi mtotobkh yMeHbiuaior c yse^HeHHeM ee flnaMerpa ; 
npoK-aTKy senvr H3 MeHn« HanpaweHHe BpaiyeHne 3aro TO BKH h P o;ihkob; 
npoKHTKy ee^yr H3MeH*a pa^bHoe HanpaB^eHHe nepeMemeHH* pojihkob Ha 

npoTHBonojio>KHoe; 

npoKarK-y c vhctom Bcex Bbm,enepeHHcneHHb.x npneMOB npoH3BoaaT b 6e 3 OKHc- 

JiHTejibHofi cpeae. 

Rn* peuieH.., nocra M e„Hofi sazzann Heo6xoAHMO Taioice H3roTOBjieHHe 3 aroTo- 
bok H3 MHoro*a3Hb,x cnjjasoB c noziroTOBjieHHOH crpyKTypofi. TaKyio crpyKTypy no- 
iiywa,OT ny T e M ^pmbumohho - xepMMHccKofl o6 P a6oTKH, KOTop yK > ocymecnuMioT 
HaMHHaji c TCMncparypw . npu koto P oh cyMMapnoe coaepacaHHe Bb,^e„Hb,x ^ h*h 




ajuicrrponHHecKOH MOflH(})HKauHH MaTpHUbi cocTaBJiflCT 6ojiee 7%, h nocjie,ayK>uuHM 
nocTaziHHHbiM CHH^ceHHeM TeMnepaTypbi o6pa6oTKH, ao TeMnepaTypbi (J)opMMpoBaHHH 
CTa6MJibHOM MejiK03epHHCTOH cipyKTypbi c cooTHomeHHeM pa3MepoB 3epeH pa3Hbix 
c})a3, pa3JiHHaiomHxc5i He 6oJiee hcm b 10 pa3, npH stom ,ae(|)opMauwio Ha nepBofi h 
KawioH nocjieayiomeH cra^HH npoBO/urr co creneHHMw , 3KBHBajieHTHbi mm crreneHH jxc- 
(})opMauHH npH ocajiKe hjih npoTH>KKe , h cocTaBJifliomHMH 1 ,2-3,9 KpaTHoe H3MeHeHHe 
ruioinaflH nonepeHHoro ceqeHHH 3aroTOBOK cooTBeTCTBeHHO hcxoahoh h Ha npeabiaymeH 
craOTH, Ae(})opMauHOHHo-TepMHMecKyK) o6pa6oTKy coBMemaiOT c npe^BapHTejibHbiM 
4)opMOo6pa30BaHHeM 3aroTOBKH noa nponaTKy. 

£jih pemeHHfl nocraBJieHHOH 3a^aHH npH H3rcnroBjieHHH 3aro*roBOK H3 acapo- 
npoMHbix HHKejieBbix cnjiaBOB npoH3Bo;iaT .ae^opMauHOHHO-TepMHHecKyio o6pa6oTKy 
(JJTO) , KOTopyio ocymecTBJiflioT b HHTepBajie TeMnepaTyp , HanHHaa c TeMnepaTypbi , 
npH KOTopoH cyMMapHoe co^ep>KaHHe y'- $a3bi cocraBJiaeT 6ojiee 7%, jxo TeMnepaTypbi 
crapeHHH, npHHeM b yKa3aHHOM HHTepBajie ocymecrBJiaiOT nocraflHHHoe chh^kchhc TeM- 
nepaTypbi o6pa6oTKM, o6ecneHHBaH npHpocr KOJinnecrBa y'-(J)a3bi Ha Ka^caofi cra^HH He 
6o/iee , neM Ha 14% , npn 3tom .ae^opMauHio Ha nepBOH h Ka^CAOH nocjieayiomeH cra^HH 
npoBOA^T co creneHflMH , 3KBHBajieHTHbiMH crreneHH AecJ)opMauHH npH oca^ce hjih npo- 
TK>KKe , h cocTaBJifliomHMH 1,2-3,9 KpaTHoe H3MeHeHHe njiouuaAH nonepeHHoro ceneHHH 
3aroTOBOK cooTBeTCTBeHHO hcxohhoh h Ha npeabmymen crazum, a b KOHue Kaxcaoil cra- 
hhh npoBO/urr nocneAec})opMaiiHOHHbiH cdkht, npH stom aec})opMauHOHHO- 
TepMMHecKyio o6pa6oTKy coBMemaiOT c npenBapHTejibHbiM (J)opMOo6pa30BaHHeM 3aro- 
tobkh nojx npoKaTKy. 

KpoMe Toro nocraBJieHHaji 3aaaHa peiuaeTca h b Tex cjiynaax, Kor^a: 

-b KOHue Ka>»caoH crazniH npoBOAflT nocjie,ae<})opMauHOHHbiH cnKHr 6e3 
npn^o>KeHH5i Harpy3KH npn TeMnepaType He Bbiuue TeMnepaTypbi Hawajia ae(})opMauHH, b 
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"reieHHe BpeMeHH t : 

x=K T »f*/ f. , (4) 

We Kr-3MnHpHHeCKHH KOS^HUHeHT, 3aBHCHLU,HH OT XHMHHeCKOFO H (])a30BOrO 

cocrasa h xeMneparypHwx yaiOBHfi o6pa6oTKM (K^ll^S). ; f M , f„ . 0 6*eMHa a ^ 
MaTpnubi h BTopoii 4>a3bi; 

-b KOHue KaJKaofi era*™ npoBojwr noaie^opMauHOHHwif o-hkhf c 
npMJio>KeHHCM HarpysKH nocpeaciBOM H3MeHeHH» CKopoc™ ^opMau.™ b cooTBercrBHM c 

3aBHCMMOCTbK) : 

Ek = K„ • E„« (1+ f M -f<, )/( i+f,, ) , (5) 

M. 

rue £ K . CKopocTb ,ae<J)opMaunH b kohuc cra^HM; 
S M . CKopocTb ae(})opMaunn b Hawajie CTaaHM; 

K A - 3MnHp HwecKHH ico3c|>cpimHeHT. 3aBncamnii ot XHMHHecKoro cocraBa cruiaBa 
h TeMneparypHO-cK-opocTHbix pokmmob aecj>opMauH H (K,=0,l-0,9); f + > 0 ,07; 

-aecfropMauHio Ha nepBofi cTaaMH ocyiuecnuwioT co CKopocxbiolO- 2 - 10" 3 c' a 
CKopocTb fl e+opMauHH »a nocn M yK)u,Hx ctumx Bb.6Hpa.OT . cootbctctbhh c 3a B „- 

CHMOCTbtO : 

En = • Zny •T^ITn^ , (g) 

rue e„ - CKopocTb iie^opMauHH H a nocjieayiomeH c T a,aHH; 
Enp - CKopocTb aetJ)opMaunii Ha npeabiaymeH CTa^HH; 

Tn^.- TeMnepaTypa nojiHoro pacTBopeHMH BTopoii (J)a3bi; 

K*- SMIlHpH'ieCKIlil K03C|>«|>, m „eHT. 33BHCJimnfi OT XMMHHeCKOPO H (j>a30B0r 0 



cocraBa cruiaBa ( K$=0,5-2); 

-fljin BbicoKOJierHpoBaHHbix cnjiaBOB npenMymecTBeHHO c jihtoh crpyKTypofi a 
Taiotce MajiojierMpoBaHHbix cnjiaBOB ocymecrBJiaiOT npeABapnTejibHyK) JJJO b 
HHTepBaJie TeMnepaTyp ot 0,95Tnji ao TeMnepaTypbi , npw KOTopofi coAepacaHHe BTopoii 
4>a2bi cocTaBJifleT He 6ojiee 7 % , npH 3tom o6pa6oTKy BeayT c nocraAHHHbiM CHH>KeHHeM 
TeMnepaTypbi , npnneM Ha Ka>KAofi craAHH TeMnepaTypy h CKopocrb Aec}>opMauHH 
perjiaMeHTHpyioT corjiacHO cooTHOiueHHio : 

8k/8h = K* •(Tk/T„) , (7) 

TJXQ 8k - CKOpOCTb Ae^opMauHH B KOHue crraAHH; 

8 H - CKopocTb Aec|)opMauHH b Hanajie crraAHH; 

T K - - TeMnepaTypa nec})opMauHH b KOHue crraAHH; 
T H - TeMnepaTypa necfropMauHH b Hanajie craAHH; 

K$ - 3MnHpHMeCKHH K03C})4)HUHeHT, 3aBHCflIHHH OT XHMHHeCKOrO H (})a30- 

Boro cocrraBa cnjiaBa (K4>=0,5-2); 

-nepeA Aecj)opMauHeH 3aroTOBKH noMemaioT b TenJioH30JiHpyiomHH KOHTeHHep, 

TOJIUIHHa CTeHKH KOTOpOTO Bbl6HpaeTCfl H3 COOTHOLUeHHfl: 

A = K M •CPs / (7 K s , (8) 

rAe A - TOJimHHa creHKH KOHTeHHepa; 

CPs - HanpaxceHHe TeweHna MaTepnajia 3aroTOBKH npH TeMnepaType 



0* s - HanpaaceHHe TeneHHJ! MaTepwajia KOHTefiHepa np M TeMnepaType 
fle(popMauHH; 

K M - 3MnH P HHeCKHM K03(J>(pHUHeHT, 3aBHCfllHHH OT KOHCTpyKUH H KOHTeHHepa, 

xapaK-repHCTHK npoMOKyrowHoro Meacqy saroroBKofi h creHKaMH KOHreiiHepa 
TenjiOH30JiauHOHHoro MaTepHajia (K M =4-8); 

3afla4a nojiyHeHHH cneqHajibHOH peniaMeHTHpoBaHHOH crpyicrypbi pemaerca 
nocpe^cTBOM KOM6HHHpoBaHna npHeMOB JioicajibHoro (popMooSpaaoaaHHa noaroroBKH 
CTpyKTypu h TepMoo6pa6oTKH, a hmchho: 

-nepe* npoKarKofi 3 aroTOBOK h 3 AHcnepcHOHHO-TBepaejomHX HHKejieBb.x 
cnjiaBOB npoBOflflT flonoj^HrejibHb.H OT5KHr b o OT o(pa3HOH o6jiac™, ho He Bbiuie 1 ,07 
T n.p. y (reMneparypb. nojiHoro pacrBopeHHH y'- <pa3b.) c nocjieayioiUHM 
oxjia^eHHeM c reMneparypb. o-nKHra no reMneparypb. He Bbiuie reMneparypb. 
aec^opMauHH, c nocTOj?HHOH hjih nepeMeHHofi CKopocrbio, o6ecneHHBaiomeH npnpocr 
K-o^HwecTBa y'- cpa3b. b HHrep B a;ie or 5% / wac. no 50% / nac, a OKOHHare^bHyjo 
Tep.Moo6pa6oTKy npoBO,a*T npn Te.NinepaType HH»ce Tn.p. y'-(pa3bi; 

-nepefl npoKarKofi no KpaHHefi M epe b aByx coce^HHX Hacr*x saroTOBKH npoBO- 
WT or>KHr c co 3fl aHMeM rpa^neHTa reMneparyp, npwweM reMneparypy H3MeHHK)T b hh- 
repBajie or reMneparypb., paBHofi 0,8 T n.p. y b oahoh nacTH 3 aroTOBKH no reMnepa- 
rypb. , cocraBjisjomef, He 6o/iee 1 ,07 T n.p. y b apyrofi hhcth , npHnew noc^yromee 
o XJ1 a>KfleH M e c reMneparypb. or>KMra no reMneparypb. ne Bb.iue reMneparypb! aecpop- 
MauHH ocymecTB/.^r c nocroHHHOM hjih nepeweHHOH CKopocrbio , oeecnenHBaromefi 
npHpocr KOJiHiecTBa y. (pa 3 b. b HHTepBajie or 5% / wac. no 50% I nac, a OKOHHarejib- 




Hyio TepMOo6pa6oTKy npoBOflflT npn TeMnepaType Hnace Tn.p. y'-<}>a3bi; 

-npoKaTKy jxcreuiefi npoBO^KT b jxbb. 3Tana : Ha nepBOM b npenenax 
TeMnepaTypHoro HHTepBajia CBepxnjiacTHMHOCTH 3aroTOBKy aec^opMHpyiOT jxo 
pa3MepoB , cocTaBJifliomHX 0,6 - 0,9 ot KOHenHbix pa3MepoB jxctbsiw, a Ha btopom 3Tane 
npoBojuiT o-nKHr b oAHo4)a3HOM o6jiacTH h oxJiaacfleHMe c TeMnepaTypbi of>KMra jxo 
TeMnepaTypbi He Bbiuie TeMnepaTypbi ae^opMauHH, c nocTOflHHOH hjih nepeMeHHOH 
CKopocTbio, o6ecneHHBaiomeH npHpocr KOJiHMecTBa y'- $a3bi b HHTepBajie ot 5% / nac. 
jxo 50% / nac, 3aTeM npoH3BOzi5rr nocjie^yiomyio Aec})opMauHio jxo KOHeMHbix pa3MepoB 
h OKOHHaTejibHyio TepMOo6pa6oTKy npH TeMnepaType HHHce Tn.p. y'-c})a3bi; 

-onepaqHK) JioKajibHoro 4>opMOo6pa30BaHHH no KpafiHeH Mepe b jxsyx coce^HHx 

HaCTeM 3arOTOBKH npOBOflHT C pa3HbIMH CTeneHHMH , H3MeHJIIOmHMHCH MOHOTOHHO OT 

ozihoh nacTH 3aroTOBKH k jipyrofi Ha 0,25-0,75 ot crreneHH ^e^opMaqHH coce^HeR nac- 

th; 

-onepauMH jioxajibHoro (J)opMOo6pa30BaHHJi coBMemaioT c oxjia^eHHeM nocjie 
oT>KHra 3aroTOBKH jxo TeMnepaTypbi iie(})opMauHM, npH 3tom b HanajibHbifi momcht 
BpeMeHH coBMemeHHH cKopocrb ,ae(J)opMauHH cHH>KaioT b 10-100 pa3, h aajiee k KOHuy 
oxjia>KAeHHfl CKopocrrb necJ>opMauHH vBejiHMHBaiOT no 3aaaHHOH; 

-OKOHHaTejibHyio TepMoo6pa6oTKy AeTanefi c MejiK03epHHCTOH CTpyKTypofi, 
npenMyuiecTBeHHO npenHa3HaMeHHbix rwn DKcn/iyaTauHH npH TeMnepaTypax , 6jih3khx 
k TeMnepaType crrapeHHH cnjiaBOB, npoBOiiflT c HarpeBOM Bbiiue TeMnepaTypbi pacTBO- 

peHHfl BTOpOH ({)a3bl HJIH HH3KOTeMnepaTypHOM aJIJIOTpOnHHeCKOH MOflHC^HKaUHH MaT- 

pnubi b TeneHHH BpeMeHH, AOcraTOMHOM una vk-pynHeHHfl 3epeH ro 2-10 KpaTHoro pa3- 

Mepa. 

ripHBezieM AOK*a3aTe^bCTBa h ooocHOBaHne hc6xoahmocth h flOCTaTOHHOCTH 
npweMOB b npezuiaraeMbix cnocooax. 
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npH H3I-OTOBJieHHH OCeCHMMeTpHHHblX fleTHJieH H3 33rOTOBOK H3 MHOrO(j)a3HblX 

cnjiaBOB c noaroTOBjieHHOH CTpyKTypofi Heo6xo;wMo Ae<popMauHK> npoH3BOflHTb b 
yKasaHHOM HHTep B ajie Te M nepaTyp, cKopocrefi h c onpeaejieHHOH HarpysKofi , c koto- 
pofi B03fleficTByeT HHCTpyMeHT Ha 3aroTOBKy npH npoKance. 

TeMnepaTypa. KoHKpeTHaK TeMnepaTypa on* npoKajKH Bbi6Hpaerc» b 33bhch- 

MOCTH OT pflfla 4>aKTOpOB: flJIH BblCOKOCKOpOCTHOH CBepxnJiaCTHMHOCTH H fljia Bbl- 

coKOJierHpoBaHHbix cnjiaBOB 6ojibmeH, T.e. n P H6jiH)KeHHOH k BepxHeMy 3 H aweHHio b 
yKasaHHOM HHTepsajie. 3to cBasaHO c TeM, mto b tom h apyroM cjiynae BaacHoe 3Hane- 
HHe n P Ho6peraeT pojib wcpcpysHOHHbix npoueccoB, aKTHBHOCTb KOTopwx, kbk hsbcct- 
ho, noBbimaeTca c P octom TeMnepaTypbi. fl™ o6bm H OH crpyKTypHofi CBepxnJiacrHM- 
hocth h cpeflHejierHpoBaHHbix cnjiaBOB TeMnepaTypa mokct 6biTb MeHbiuefi , 6jih 3 koh 
k cpeflHeiuy sHaneHHK) HHTepBana, nocKOJibKy b stom cjiynae stom cjiywae CTpyKTypa 
cpeaHejiei-HpoBaHHbix cnjiaBOB CTa6HjibHa. CjieayeT OTMeTHTb , hto BepxHHfi npeaeji 
TeMnepaTypHoro HHTepBana AetpopMauHH , npw kotopom He Ha6jnoaaeTC» pocra 3 e- 
pe H o6biHHo Ha 15 - 20° C HH>Ke TeMnepaTypbi nepexoaa h 3 Ofl H o<}>a3HOH b .OByxtpasHyio 
T.e. cooTBercTBeHHo ajiji HHKejieBbix h THTaHOBbix cnjiaBOB H3 y b (y + y') h p b (a + p) 
- o6jiacTH. 

Una Ma.ioiiernpoBaHHbix AaponposHbix cnjiaBOB b otjihhhc ot cpewe h TeM 
6oJiee BbicoKOJiernpoBaHHb.x aoco.aioTHoe 3iiaHeHne TeMnepaTypbi fle(pop M au,HH H an- 
MeHbuiee. n P n 3to.m hhxchhiI npeae.n TeMnepaTypbi aecpopMauHH, np H KOTopbix sth 
cnjiaBbi npoaB/iaioT ceepx- n bmcokvio njiacTHWHOcn, 3a B ncHT ot pasMepa 3epe H TaK, 
hto neM MeHbiue passiep sepen .Test moKe 3Ta TeMnepaTypa. fljia BecbMa Mejiicosep- 
HHCToro - HaHOKpucTajijiimecKoro cocToamia sthx cnjiaBOB (cpe W HH pa3Mep sepeH ~ 
20 - 200 hm) TaKofi TeMnepaTvpofi hbjihctch TeMnepaTypa, 6jiH3Kaa k 0,4 Trui, T.e. k 
0,4 ot TeMnepaTypbi n.aaBjieima. 
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TaKMM o6pa30M , b npeflJiaraeMOM cnoco6e yKa3aH HHTepBaji TeMnepaTyp, ox- 
BaTbiBaiomHH Heo6xo^MMbie ycjiOBHH aecfropMauHH pa3JiHHHbix KOMno3Hunfi h coctoh- 
hmm crpyKTypbi jxjw paccMaTpHBaeMbix MHoro(})a3Hbix MaTepnajiOB. 

CKOpOCTb. CorJiaCHO OTJlHHMTeJIbHblM npH3HaKaM H306peTeHHJI AecJ)opMauHJ! 
npOH3BO,aHTCfl CO CKOpOCTflMH COOTBCTCTByiOLUHMH BblCOKOnJiaCTHMHOMy HJIH CBepX- 

njiacTHHHOMy coctohhhio MaTepHajia. BbicoKormacTHHHoe coctoahhc b paccMaTpn- 
BaeMbix cnnaBax peajiH3yeTC5i b cjiynae npoxaTKM MejiK03epHHCTOH 3aroTOBKH c Bbico- 

KHMH ( 10 2 - 10* 2 ) C 1 HJIH KpynH03epHHCTOH C MaJIblMH (10 2 - 10~ 3 ) C"' CKOpOCTH- 

mh. B tom cjiynae, Korzta b 3aroTOBKe c<J)opMHpoBaHa CMeiuaHHafl crpyicrypa , coctoh- 
maa H3 mctikhx h KpynHbix 3epeH cKopocrb ,ae(}>opMauHH Bbi6HpaeTCH Taiofce b HHTep- 
10* - 10~ J c" , B 3aBHCHMOCTH OT COOTHOUJeHHH o6i>eMHbix aojich cipyKTypHbix 
cocTaBJiHiOLUHx (MejiK03epHHCTOH h KpynH03epHHCTOH h cooTBeTCTBeHHO hx pa3Mepa). 
C no3HUHH o6ecneHeHH« Heo6xo,UHMbix 3HaneHHH TexHOJionmecKOH ruiacTHMHOCTH , 
ycMjiMM Ae<f)opMMpoBaHH^ h npoH3BO^HTejibHocTH npouecca npoKaTKH, BepXHHH npe- 
ncn ckopocth orpaHHMHBaeTCfl 3HaneHHeM 10 2 c" 1 , a hh>khhh 10* 3 c* 1 . 

Harpv3Ka. CnenyeT OTMCTHTb, hto McnoJib30BaHHe CBepxruiacTHHHoro co- 
ctoahha b o6paooTKe MeTajmoB ziaBJieHHeM o6ecneHHBaeT 34>(})eKTHBHoe CHHHceHHe Ha- 
rpy30K b tom cjrywae, Korna TeweHne MeTajuia He 3aTpyflHeHO Hano>KeHHeM BbicoKoro 
rHApocTaTHwecKoro /laBJieHHH. OiiHaKo 3to hoctohhctbo mo>kct craTb HcaocraTKOM 
npn nojiyneHMH uejioro p*ma ocecuMMCTpHHHbix jxcrajicii c tohkhm ceneHMeM h 6ojib- 
ujoro ixwaMeTpa oco6eHHO b tom cnyHae, ecmi b KanecTBe cxeMbi ,ae<})opMauHH Hcnojib- 
3yeTcn npoKaTKa. 3to oG^flCHHeTCJi TeM, hto xoth AaHHoe coctohhhc h o6ecnenHBaeT 
BbicoKyio njiacTMMHOCTb h HH3K*oe Hanp«>KeHHe TeneHHJi npaKTHHecKH jiioGmm MaTe- 
pnajiaM, BMecrre c TeM oho >Ke 3aTpy£HfleT oc{)opMJieHne H3^ejiM« npH npoKance. B 

3TOM COCTOHHHH ,aa>Ke OTHOCHTeJlbHO MaJlbie Hanpfl>KeHHH BbI3blBaK)T njiacTHHecKyK) 



ae<})opMauHK> b ywt npoKaTaHHofi wacrH 3aroTOBKM m tcm caMbiM npHBo^HT k noTepe 
3a^aHHOH (J)opMbi nocKojibKy npn CBepxruiacraHecKOH jxt$opMai\v\Y\ noBeaeHHe MaTe- 
pnajia bo MHoroM aHajiorHHHo noBeaeHHio bh3koh cpeabi. FIoaTOMy b otjihmhc ot 
o6biHHOH npoKancH npn ^ec})opMauHH MaTepHajia b coctoahmh BbicoKOH h CBepxruiac- 
TMHecKOM fle^opMauHH Heo6xo^HMO peryjiHpoBaHHe riapaMCTpoB TexHOJiorHHecKoro 
npouecca . 3to BbinojiHaeTCfl npw jioKajibHofi fle(J)opMauHH nocpeacTBOM pyrynnpoBa- 
hhh TeMnepaTypHO-CKopocTHbix ycjioBHH ,ae(})opMauHH, cxeMbi npHJio>KeHH5i Harpy3KH 
h ee BejiHHHHbi. YKa3aHHbie napaMCTpbi onpeaejiflioT ypOBeHb BHyTpeHHHx Hanpa>Ke- 
hhh b 3aroTOBKe h ypoBeHb conpoTMBjieHHH Ae(})opMauHH (Hanpn>KeHH5i TeneHHa) Ma- 
Tepnajia h b kohchhom cneTe ynpaBJiaiOT (J)opMOo6pa30BaHHeM 3aroTOBKH. HanpHMep, 
conpoTHBJieHHe Ae^opMauHH b qeHTpajibHOH h y>Ke npoKaTaHHbix wacrHx mo^cct 6biTb 
noBbiiueHO 3a cneT hx no£CTy>KHBaHHfl. CxeMa npwjio)KeHHH Harpy3KH h ee BejiHHHHa 
MoryT 6biTb H3MeHeHbi nocpeziCTBOM 3a/iaHHfl onpe^ejieHHOH TpaeKTopHH abhjkchhh 

POJIHKOB. M3BeCTHO, HTO npH CJTO>KHOM Harpy >KeHHH, K KOTOpbIM OTHOCHTCfl npOKaTKa 

ocecHMMeTpHHHbix AeTajieH po^HKaMH, TeMeHwe MaTepwajia npoHcxo^HT He TOJibKo b 
30He ,Haxo.ofliueHCH HenocpeacTBeHHo nojx HHcrpyMeHTOM, ho h bo BHeKOHTaKTHbix 
30Hax. 3necb h najiee, nojx TepM mhom Harpv3Ka noHHMaeTca He TOJibKo yaeiibHoe ycn- 

JIHe , C KOTOpbIM HeMCTBVeT OflHH MHCTpVMeHT Ha nOBepXHOCTb fleTajIH, HO h pe3yjibTH- 

pyiomee B03neHCTBHe rpynnbi h ncrpy mchtob Ha aeTajib. CxeMy npHJio^eHHK Harpy3KH 
h ee BejiHHHHy peryjiHpyioT aieaytoiuHM o6pa30\i: 

- UeHTpaJlbHyjO 4aCTb 3arOTOBKH Ae(})OpMHpyiOT OKaTWeM HJIH KOM6HHHpOBaHHO 

OKaTweM c KpyneHHeM nocpencrBOM nnHo.nen c Harpy3KOH ,o6ecneHHBaK>mew no Hana- 
Jia npoKaTKH ruiacru HecKHe, a noc;ie Hanajia npoKaTKH coBMecTHO c poJiHKaMH ynpyrwe 
iiec})opMauHH. Ilpn komohhhpobuhhoh Harpy3Ke (c>KaTHe c KpyneHHeM) k nMHOJiaM 
npHjiaraK)TCfl MOMeHTbi AeHCTByfomne b npoTMBonojio>KHbix HanpaBJieHMJix. Hhmmm 




cjiOBaMH, cHawajia ee o6>KHMaK)T c He6ojibuiOH njiacTHMecKOM AetfjopMauneH jxsia co3fla- 

HHJI pa3BHTOrO KOHTaKTa MCTKJiy 3arOTOBKOH H nHHOJIHMH, 3aTeM c HanajioM npoKaTKH 
y^eJIbHOe yCHJIHe CHH>KaiOT JXO 3HaHeHHH, BbI3bIBaiOmMX npH COBMCCTHOM B03,aeHCTBHH 

Ha Hee yKa3aHHbix nwHOJieff, a Taioice pojihkob Hanpa>KeHHH , o6ecnewHBaioiJUHe Jinujb 
ynpyryio aecjjopMauHio b ueHTpajibHofi Hacra. TaKHM o6pa30M co3,aaK)TC5i ycjioBHH juin 
nepe^aHH KpyTamero MOMeHTa 3aroTOBKe. B cjiynae Heo6xoflHMOCTH ueHTpajibHyio 
nacTb 3aroTOBKH jxo Hanajia npoKaTKH no^BepraioT oTHOCHTejibHO 6ojibiuoH njiacTH- 
necKOH ^ec})opMauHH, HanpHMep, ecjiH Tpe6yeTCfl crynnua c tojiiuhhoh MeHbiue , neM 
TOJiuuHHa noJiOTHa; 

-pojiMKaMM ^e4)opMHpyioT nepH(J>epMHHbie nacrrH c Harpy3KOH , KOTopaa b npo- 
KaTbiBaeMow Mac™ BbnbiBaeT njiacTHMecKyio, a b npoKaTaHHOH coBMecrHO c rmHOJiHMH 
-jiniub ynpyryio j3ec})opMauHio. 

Pojihkh HMeioT, no KpaHHefi Mepe, TpH He3aBHCHMbie creneHH CBo6oabi nepeMe- 
meHHfl, Heo6xo,aHMbie ajia npnaaHHfl ^eTajiH TpeGyeMOH <J)opMbi: BpameHHe BOKpyr 
coScTBeHHOH och h nepeMeiueHHe no MeHbiuen Mepe b ji&yx opToroHajibHbix HanpaBJie- 
hhhx - BAOJib h nonepeK pa^nyca 3aroTOBKH. Bo3,aeHCTBHe HHcrpyMeHTa Ha 3aroTOBKy 
zuih nojiyMeHHJi jxcttbjicPi Bbi6npaioT TaKHM, HTo6bi: 

1) yaejibHoe ziaBJieHHe(Harpy3Ka) b naTHe KOHTaKTa MOKay 3aroTOBKOH h hh- 
crrpyMeHTOM (HanpHMep, pojiHKaMH) c yneTOM bjihahhh BHyTpeHHHX HanpH>KeHHH ot 
B03£eficTBH5i apyroro HHCTpyMeHTa (n HHOJiefi ) 6bijio AocrraTOHHbiM mix npeo^ojieHHJi 
conpoTHBJieHHfl ^e(J)opMauHH MaTepHajia b npoKaTbiBaeMOH nacTH h ee oc})opMJieHHfl 

T.e. : 

2) - Harpy3Ka q, B03HHKaioma$i ot B03/*eHCTBHfl pojihkob h nHHOJien Ha 3aro- 
TOBKy , c uejibio coxpaHeHH^ (J)opMbi h pa3MepoB flHCKa b ueHTpajibHOH h y>Ke npoKa- 
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TaHHbix MacTflx AOJi^cHa 6biTb MeHbiiie conpoTHBJieHHa njiacrawecKOH ae(})opMauHHa s „ 
MaTepnajia sthx HacrreH , t.c: 

cTsh >q 

Hhwmm cjioBaMH ueHTpajibHa^ h pacnaTaHHaa qacrrH He flOJDKHbi noziBepraTCfl njiac™- 
HecKOH 4ec|)opMauMH npw nponaTKe noa jxcHctbhcm HanpaxceHH*, KOTopoe B03HHKaeT b 
hhx b pe3yjibTaTe B03AeficTBHa pojihkob Ha npoKaTbiBaeMyio MacTb, a nHHOJiefi Ha 
ueHTpajibHyfo. 

3) KpoMe Toro no othouichhio k HHCipyMeHTy ,c yneTOM ocoSeHHOCTeH jioKajib- 
Horo cj)opMOo6pa30BaHH5i otckob b ycJiOBHHx BbicoKOH hjih CBepxmiacTHHecKOH ae- 
(})opMauHH, Heo6xoAHMo , HTo6bi co6jno,aajiocb cooTHoiueHHe (2), rjxe 

K - 3MnHpHHccKHH K03(f>4)HUHeHT , yHHTbiBaiomnn TeMnepaTypHbiH pe>KHM pa- 
ooTbi HHcrpyMeHTa , ero (})opMy, ycjiOBHH Harpy>KeHH* , a TaK>fce CBOHCTBa MaTepnajia 
HHcrrpyMeHTa . 

TaKaa 3aBHCH\iocTb iionycKaeT npeBbiiueHHe q no cpaBHeHHioa s „ , ho 3to 

B03M0>KH0 JIHUJb npH npOKaTKe 4HCKOB H3 >KaponpOWHbIX CnjiaBOB B BblCOKOnJiaCTHH- 

hom hjih CBepxnuacTHMHOM coctohhhh. B 3thx cjiynaflx ee BbinojiHeHHe o6ycjiOBjieHo 
cjieAyiomHMH 4>aKTopaMH: 

a) b ycjiOBHflx CIl^ bo3hmk3ct ziocTaTOWHaji pa3HHqa Me>fcay npeaejiOM TeKy- 
wecTH MaTepnajia HHcrrpyMeHTa h 3aroTOBKH, o6ecneHHBaiomaa nojiyneHHe mnenun 
Aa>Ke b tom cjiynae Kor^a jwx 3aroTOBKH n HHcrrpyMeHTa Hcnojib3yeTca OAHHaKOBbin 
MaTepnaji, ho OTJiHwajowHHc* cywecTBeHHo pa3MepoM 3epeH . HanpHMep, b 3aroTOBKe 
cc})opMHpoBaHO MejiK03epHMCToe cocTOAHHe , a b HHcrpyMeHTe KpynH03epHHcrroe. 

6) HHCTpyMeHT ju\s{ pacKaTKH -pojiHK npe^crraBJijieT H3 ce6a Tejio BpameHna, ko- 
Topoe b Rabbin momcht BpeMeHH conpnKacaeTca jinujb nacTbK) CBoefi noBepxHOCTH c 
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3aroTOBKOM m 3Ta KOHTaKTHaw noBepxHOCTb HenpepbiBHO M3-3a ero BpameHHs MeHaeT- 
c*i CBoe nojioaceHHe no othoujchmk) k HHcrrpyMeHTy. Tlpa 3tom cpeziHHsi TeMnepaTypa 
HHcnpyMeHTa npn pacnaTKe o6biHHO MeHbiue , weM TeMnepaTypa HarpeBa ( ,ae(J)opMa- 
Uhh) 3aroTOBKH. YKa3aHHbie oco6chhocth npenHTcrsyiOT cymecrBeHHOMy pa3BHTMK> b 
h HCTpy MeHTe njiacTHnecKHx ,ae(})opMauHM. 

TaKHM o6pa30M, co3,aaeTc$i B03MO>KHocTb nnn pacKaTKH HHKejieBbix cnjiaBOB c 
Hcnonb30BaHHCM HHCTpyMeHTa , BbinoJiHeHoro H3 TaKoro >Ke hjih aHajiorHHHbix HHKe- 
jieBbix BbicoKO>KaponpoHHbix cnjiaBOB, ho b jihtom coctoahhh, mto o6xoahtc« aemeBJie 
neM Hcnojib30BaHHeM HHCTpyMeHTa H3 TyronjiaBKMX MeTajuioB h cnjiaBOB. 

TepMoo6pa6oTKa. Ilocjie nponaTKH npoH3B0^5iT TepMOo6pa6on<y 3aroTOBKH. 
ripH 3tom ee pe>KHM onpenejiaeTCH b 3aBMCMMOCTH ot nojiyneHHOH b 3aroTOBKe MHKpo- 
cTpyKTypbi. Ecjih b H3jtejiHH ct})opMHpoBaHa MejiK03epHHCTaK cnpyKTypa , a no ycjioBH- 
am 3Kcn;iyaTauHH Tpe6yeTCH Bbicoxafl >KaponpoHHOCTb b TeneHHH ^JiHTejibHoro BpeMe- 
hh , to npw TepMOo6pa6oKe H3/iejiHe HarpesaioT jxo TevinepaTypbi , npH KOTopofi npo- 
mcxo^ht co6HpaTejibHaH peKpHCTajuiH3auHfl, o6ecneMHBaioma5i pocr 3epeH. B tom cjiy- 
nae, ecjin nocjie pacKaTKH cc})opMHpoBaHa crpyKTypa THna "o>Kepejibe", to npw TepMO- 
o6pa6oTKe TeMnepaTypa HarpeBa nojx 3aKajiKy o6biMHo Bbi6HpaercH TaKOH HTo6bi 3ep- 
Ha MaTpnubi coxpaHMJiH CBoio c{)opMy, ho nacTb ynpoHHfliomeH 4»a3bi pacTBopHJiacb H 
BnocjreziCTBHH BaaejiMJiacb b Bnae ancnepcHbix nacTHu. Bo3MO)KHa TaioKe CHTyaLjHH, 
o6ycjioBJieHHaa vcjiobmhmh 3Kcn^yaTauHH, Konxa HarpeB npH TepMoo6pa6oTKe Bbi6H- 
paiOT TaKOH, MTo6bi coxpaHHTb b H3ae/iHH MejiK03epHHcryK> CTpyKTypy. 

B uejiOM H3Jio>KeHHbie b nepBOM nyHKTe npweMbi hbjihiotch HeoxoflHMbiMH h ao- 
CTaTOHHbiMH ajih peajunaunH npouecca. BMecrre c TeM HH>KecjieflyK>mHe aonojiHH- 
TeJibHbie nyHKTbi paciiinpflK)T bo3.mo>khocth cnoco6a. 

Ecjih npoKaTKy ocymecTBjiflfOT HecKOJibKHMH napaMH pOJIHKOB, TO Ba>KHO Jinx 
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npe^oTBpameHHJ! Kopo6jieHH* o6ecneMHTb yaiOBHe BsaHMHoro ypaimoBeu]HBaHH» 
MOMeHTOB ot yaejibHbix ycHJiHii pojihkob b naTHe KOHTaicra . B3aHMHoe ypaBHOBeuiH- 
BaHHe MOMeHTOB He6xo/iHMO flJia KajKflofi napw, B03,aeficTByiomHX Ha 3aroTOBKy hh- 
CTpyMeHTOB b cooTBeTCTBHH c cooTHoiueHHeM (3. B npoTHBHOM cjiywae npH pack-aTKe 
aHCKOB hx pa3Hocrrb npHBefleT k He 3anporpaMHpoBaHHOMy H3rH6y $6pMHpyeMoro hs- 
aejiHa. Ecjih pacKaTKa npoH3BOflHTC« 6ojibiiiHM kojihhcctbom pojihkob, to Heo6xo- 
Ahmo B3aHMHoe ypaBHOBeuiHBaHHe chji h momchtob ot Kawaoro HHcrpyMeHTa. 

PeajiH3auHJi npeajiaraeMoro cnoco6a npoKaTKH npcaycMaTpHBaeT HenpepbiB- 
hwh KOHTpojib w peryjiHpoBaHHe MHoroHHCJieHHbix napaMerpoB TexHOJiorHiecKoro 
npouecca, KOTopwe He MoryT 6biTb HenocpeacTBeHHO ocymecTBJieHbi onepaTopoM. 
FIo3TOMy Tanas npoKaTKa aojDKHa ocymecrejijiTbcs c noMombio 3BM , nocpeacTBOM 
o6pa6oTKH HH(})opMauHH nocrrynaiomeH b Hee: ycHJiHfi, fleficTByiomHX Ha pojihkh, Be- 
JiHHHHbi h cKopocTH nepeMemeHHfi 3aroTOBKH h HHcrpyMeHTa h pw apyrHx napa- 
MerpoB. ^pyrHMH cjioBaMH 4)opMoo6pa30BaHHe saroTOBKH BeayT no 3a^aHHOH npo- 
rpaMMe , ynpaBJinn TeneHHeM MeTajwa npn ee 4>op M OH3MeHeHHH nocpeflcraoM KOHTpo- 
jm h cpaBHeHHjj saaaHHbix h aeHCTBHTejibHbix napaMerpoB npouecca, HanpHMep, ycH- 

J1HH, MOMeHTOB, npilJIOJKeHHblX K HHCTpyMeHTy H 3arOTOBKe, HOJIOKeHHa, CKOpOCTH, 

BejiHHHHbi h HanpasjieHHfl nepe.MeiueHH» HHcrpyMeHTa h flencTBHTejibHbix pa3MepoB 
3aroTOBKH. BejiHHHHa OTKjioHefuia m«kav TpeoyeMbiM h aeHCTBHTe^bHbiM pasMepoM 
JiBJiaeTCfl TeM ynpaB.iniomHM cnrHajioM, KOTopbifl H eo6xoflHM jvih ocymecrBJieHHH npo- 
KaTKH KanecTBeHHbix H3.ae.nHH. 

n P H npoKaTKe c oflHOBpe.sieHHbiM npuHynHTejibHbiM BpameHHeM (npHBO ah bi m h 
nHHOJiflMH) 3aroTOBKn it po^mkob ( npHBOAHbix) npoH3BO,£WT comacoBaHHe hx yr/io- 

BblX CKOpOCTefi 0.O JU^CHUU, COOTBeTCTByiOmHX MHHHMa/IbHOMy n P OCKajIb3blBaHHK) 

Me>Kay hhmh. 3tot np.ieM ooecnewHBaer noBbiuieHne Kawecrea noBepxHOCTH npoKa- 
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TbiBaeMbix aeTajiefi , hx tomhocth, a TaioKe ctohkocth MHcrrpyMeHTa. 

Ilpn npoKaTKe cHH>KaK)T TeMnepaTypy b 3aroTOBKe nocpeacTBOM oxjia>icaeHHH 
ee qeHTpajibHOH nacTH. TeM caMbiM npoH3BOflHTCfl ynpoHHeHHe ueHTpajibHOH h pacKa- 
TaHHbix Hacrefi. Ejiaro^apa 3TOMy, B03HHKaK>mne b hhx Hanpa>KeHHfl ot bo3achctbmji 

HHCTpyMeHTa MOryT 6bITb CHH>KeHbI no OTHOLUeHHK) K CBOHCTB3M flO 3HaHeHHH, BbI3bI- 

BaiomHX b ueHTpajibHofl h pacKaTaHHbix Hacnix jiHiub ynpyrHe ^e(})opMauHH MaTepna- 
jia. 

IlpoKaTKy npoH3Bo^HT no KpaHHen Mepe RByMx napaMH pojihkob, npH 3tom 
ycnjina ae^opMauHH mix Ka>KAoro pojiHKa 3a,aaK>T b Kaacflbm momcht BpeMeHH o^HHa- 
KOBbie. TaKaa pacKanca no3BOJiaeT coKpaTHTb MauiHHHoe BpeMa onepaunn no MeHb- 
men Mepe b jxbz pa3a , nocKOJibKy KayKjxan napa pojihkob " o6cjiyxcHBaeT " npH npOKaT- 
Ke JiHUJb "cboh" ceKTop AHCKa y KOToporo yroji cocraBJifleT - 2n/ n, ryie n - hhcjio nap 
Pojihkob. KpoMe Toro TaKan pacnaTKa ypaBHOBeuiHBaeT ycHJiHH Ha nwHOJiflx h cnoco6- 
CTByeT noBbiiiieHHio tohhocth mnesmn b tom cjiynae ecjiH pojihkh pacnonoKeHbi Ha 
iinaMeTpajibHo npoTHBonojio>KHbix crropoHax h hmckdt o^HHaKOBbie CKopocrrb no^aHH 
h r;iy6HHy BHeapeHHH. Ecjih yroji Me>fOiy Ka>K,aoH napofi pojihkob MeHbiiiHH, neM n , to 
npn onHHaKOBOM vchjihh pojihkh iioji>KHbi oo>KHMaTb JiHUJb nacrrb flHCKa h pacnojia- 
raTbefl Ha pa3Hbix paxinycax, T.e. b dtom cjiyqae o6ecnewHBaK>TCH JiynuiHe ycjiOBHH una 
hx Go.aee /uiMTejibHOH paooTbi 6e3 3aMerHoro n3Hoca. 

OopMOo6pa30BaHHe /xeTajien Tnna ahckob npoH3BOAHT nonepeMeHHbiM CMeme- 
HHeM npw npoKaTKe b paanajibHOM HanpaBJieHHH pojihkob, (j>opMHpyiomHx BHyTpeH- 
hiok) noBepxHOCTb o6oaa AHCKa, apyr OTHocHTejibHo apyra. TaKofi npneM ocymecrr- 

BJieHHfl npOKaTKH nonepeMeHHO TO 04HIIM, TO ApyrHM pOJIHKOM n03BOJIfleT CHH3HTb 

Harpy3Ky Ha cnec{)opMHpoBaHHbie nacTH 3a cnerr M3MeHeHH5i HanpaBJieHHH CMemeHHH m 
BejiHHHHbi cABHraeMoro o6i>eMa b Ka>KiibiH momcht BpeMeHH no cpaBHeHHio co cjiyna- 
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eM, Koraa 06a pojiHKa , cocraBJiaiomHe napy, ABHraioTC* c oflHHajcoBOH cKopocrbio He- 
npepbiBHo. BejiHHHHa B3aHMHoro ciuemeHHfl pojihkob He aojiacHa npeBbiiiiaTb njiHHy 
o6pa3yiomeH hx HanajibHoro KOHyca. B npoTHBHOM cjiynae mo%ct npoH30HTH o6pa30- 
BaHHe Ha aerajiH HeHcnpaBHMoro fle^eicra. K KOHuy pacKaTKH BejiHHHHa CMemeHHji 
yMeHbuiaercji no Hyjia. 

OopMoo6pa30BaHHe fleTajien THna jjhckob npoH3BOflHT OiiHOBpeMCHHO no 

MeHbuieii Mepe Tpeius pojiHKaMH, o6pa3yiomHMH BMecre KajiH6p, oahh H3 KOTopbix 
(ipopMHpyeT BHeiiJHioio noBepxHocxb o6o^a woca c ycmiHeM He 6ojibuiHM, neM ycnjiHa 
B03^eHCTByiomHX Ha o6o.ii co CTopoHbi aByx apyrHx pojihkob, 4>opMHpyiomHX BHyrpe- 
hioio noBepxHOCTb o6oaa jjHCKa. CymHocTb /jaHHoro npHeiua 3aKJiioHaeTC}i b tom, hto 
noa aeHCTBHeM Tpex pojihkob MeTajiJi o6oaa jjHCKa TeneT b Tpex HanpaBjieHHax : na- 
pajuiejibHO och BpameHHa jjncKa ( TeM caMbiM yBejiHMHBaeTCK BbicoTa o6o,aa), b Ha- 
npaBJieHHH paanyca h nepneH/WKyji*pHO pa/wycy saroTOBKH ( TeM csmum yBejiHMH- 
BaeTca waMeTp o6oaa). TaKofi npneM no3BOJmeT pacuiHpHTb HOMeHkJiaTypy ahckob 
BCJie^cTBHe nojiyneHMH ahckob c pa3BHTofi noBepxHocrbio o6ojja hjih c iiihpokhm 060- 
aoM. 

«t»opMoo6pa30BaHHe fleTaneii THna o6ojiohck npoH3BO,iWT c nepHOflH^ecKHM 
hjih HenpepbiBHbiM CMeiueHHeM miHOJiefi OTHocHTejibHO hcxoahoh njiocKOCTH npoKaTKH 
Ha cyMMapHyro Be/iHHHHy, paBHyio sa^aHHofi crpejie nporH6a aeTajiH. KoM6HHau.Ha 
JlBH>KeHHH nHHOJiefi h pojihkob n P n peajiH3a U Hn aaHHoro npHeMa nosBOjiaer nojiynaTb 
AeTajjH c KOHHwecKofi noBepxHocTbio hjih c 3a;jaHHOH kphbh3hoh nojiOTHa. 

0>opMoo6pa3OBaHHe aeTajiefi THna o6ojioweK npoH3BOflflT pojiHKaMH pacno- 
Jio>k-eHHbiMH H a pa3Hbix pacTOflHH»x ot ueHTpa BpameHHH saroTOBKH. B coHeraHHH c 
npneMOM , yKasaHHbi.M Bbiuje , AaHHbifi npneM no3BOJiaeT nojiyiaTb Taioice ocecHMMeT- 
pHHHbie aeTajiH THna o6ojiowek\ 




npoKancy BcayT c yBejiHHeHHeM ckopocth nepeMemeHHJi pojihkob b paanajib- 
hom HanpaBJieHHM ot och flHCKa hjih TOJimHHy npoKaTbiBaeMon 3aroTOBKM yMeHbiuaiOT 
c yBejiHHeHHeM ee AHaMerrpa. CymHOCTb 3thx npHCMOB 3aKJiK>neHa b tom, mto no Mepe 
pacKancH yMeHbuiaeTca c#BHraeMbiH o6T>eM y 3aroTOBKM , 3to no3BOJiaeT yBejiHMHTb 
cKopocTb pacKaTKH c qejibK) coicpameHHfl BpeMeHM onepauHH hjih yMenbuiHTb TOJimHHy 
3aroBKH. 

npOKaTKy cjio>KHonpo(|)HJibHbix 5 HanpHMep, KOM6HHHpoBaHHbix AeTajieB Tnna 
jancKa c BajioM, BQjxyr no MeHbinen Mepe TpeMH pojiHKaMH , co6cTBeHHbie och Koropbix 
MoryT noBopaHHBaTbCH b npeaejiax 1 paanaHa no othoiuchhio k och BpameHH* 3aro- 
tobkh h cocrraBJiHTb c apyrHMH pojiHKaMH yroji b npeaejiax ot 0 no 2n pa^naH. H3Me- 
HeHHe yrjiOB Meacay pojiHKaMH b yKa3aHHbix npeaejiax no3BOJiaeT noonepe^Ho hjih oa- 
HOBpeMeHHO pacKaTbiBaTb BajibHyio h flHCKOByio nacTH KOM6HHHpOBaHHOH acTajiH. 
Bbi6op yrjia noBopoTa pojihkob 1 paanaH o6ecneMHBae Heo6xo£HMbiH HaKJioH pojihkob 
OTHocHTejibHo paKaTbiBaeMOH Macro zieTajiH . 

3arOTOBKy npOKaTblBaiOT pOJIHKaMH, CMemeHHblMH OTHOCHTeJIbHO njIOCKOCTH, 

npoxo^men nepe3 ocb 3aroTOBKH Ha BejiHHHHy, HenpeBbimaiomyio cpe^HHH pajmyc 

pa60MeH HaCTH HHCTpyMeHTa. H3MeHeHHe HOJIO>KeHHH pOJIHKa npHBOflHT K H3MeHeHHK) 

> HanpaBJieHHfl neHCTBH* cocrraBJifliomHX ycHJina pacKaTKH. 3to no3BOJi5ieT peryjinpo- 
BaTb b onpeAejieHHbix npeaejia Hanpa>KeHHflMH, B03HHKaiomHMH b npoKaTaHHOH h npo- 
KaTbiBaeMOH Macnix. OrpaHHHeHHeM npn 3tom HBjiaeTCfl BejiHHHHa CMemeHHH, KOTopbie 
He AOJDKHbi 6biTb 6oJibiue ( 3a^aHHOH) yKa3aHHofi BejiHHHHbi. B npoTHBHOM cjiynae 
npn 3a^aHHbix yrjiax HHCTpyMeHTa oho npHBcaeT k no,ape3aHHK> 3aroTOBKH cjjopMO- 

o6pa3yK)IHHMH nOBepXHOCTHMH HHCTpyMeHTa. 

FIpoKaTKy BeziyT h3mchhji HanpaBJieHne BpameHH* 3aroTOBKH h pojihkob. Cym- 
Hocrb AaHHoro npneMa o6ycjiaBJiHBaeTC5i tcm, mto peBepc HanpasjieHHfl npoKaTKH no- 
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3BOJiaer a p^e cjiynaeB H36e*axb *opMHpoBaHH« HeacejiaxejibHOH Mera^jiorpa^H- 
wecKOH xeKcrypw, a xaKace chhshtb yen™* AecfcopMHpoBaHH* BCJieacxBHe h3mch£hhji 
HanpaBjieHHfl cflBHra h chctcm acojibweHHJi np H aecfcopMauHH; 

npoKarKy BeayT hsmch** pawajibHoe HanpaBJieHHe nepeMemeHH* P ojihkob Ha 
npoTHBonojiojKHoe. Hcnojib30Ba H He aaHHoro npneva no 3 BOJi*ex *opMHpo B aTb aexajiH 

C BblCOKHMH rpe6HHMH. 

npoKarKy npoHSBoaar b GesoKHOiHxejibHOH cpeae. Taicon npweM b conexaHHH c 
b u iii eH3 ji o}KeHHbiMH no3B OJ i,.ex nojiyHHTb macjm* donee BbicoKoro KaHecraa. 

npHBefleM aajiee flOKa3axejibcxBa Heo6xoAHMOcxH h aocxaxoHHocxH npH3HaKOB 
cnoco6oB HsroTOBjieHHH saroTOBOK c noaroxoBjieHHofi cxpyicxypoH. 
CorjiacHo cyuwocxH H3o6pexeHHn ohh 3aKJiioHaioxcji: 
b Ae(J)opMauHOHHO-TepMHwecKOH o6pa6oTKe, npn sxom nocjieanioio ocy- 
mccnjuioT HanHHan c xewnepaxypb, , np H koto P oh cyMMapHoe coaepacaHne Bbme- 
JieHHbix *a3 hjih ajiJiorponHHecKOH MoaHcpmcauHH MarpHUbi cocraBJwer 6ojiee 7%, h 
nocne«yiou,HM nocxaiWHHb.M CHHaceHHeM xeMneparypb. o6pa6oxKH A o xeMneparypb, 
(DopMHpoBaHH^ cxaSH^Hofi Me/,K03e P HHcxoH cxpyKxypbi c cooxHomeHHeM pa3MepoB 
3epe H pa3Hb.x *a3, pa 3 iiHHa I o l UHxc« He 6oi,ee we M b 10 pa 3 , n P H sxom flecj>opMauHK> Ha 
nepBOH h KajKflofi nocjicoyroiucH cxsuhh npoaojMT co cxene H »MH , 3KBHBajieHXHbiMH cre- 
neHH fl «j)opMauHH npn oca/tKe HJI „ nporaacice , h cocraBJwiomHMH 1,2-3,9 icpaxHoe h 3 - 
MeHeHne njioiWH nonepeHHoro cewenH* 3aroxoBOK cooxBexcrreeHHO hcxootoh h Ha 
npeabwymefi ct^hm, aecpopMauHOHHO-TepMimccicyio o6pa6oxKy coBMemaiar c npeaBa- 
pHxe^bHUM 4>opMoo6pa30BaHHeM 3aroxoBKn noa npoKaxKy. 

noaroxoBK-a cxpyKxypbi BKviKJwaex ite^opMaunoHHO-xepMHHecKyio o6pa6oxKy 
c uenuo nonyweHMa OAHopoaHofl m e.iK03epHncxoH cxpyKxypb. b Bbmie npHBeaeHHb.x 
MHoro*a3Hb.x cimaaax «a ocHose Ni. Ti, Fe , nu6o no„roxoBKy b 3 aroxoBKe cneunairb- 
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hoh HeojiHopoflHOM crpyKTypbi. Heo6xoAHMO OTMCTHTb, hto paccMarpHBaeMbie MHoro- 
4>a3Hbie cnjiaBbi MoryT 6biTb npe^craBjieHbi c aonycTHMbiM ynpomeHHeM b Bwjxe ziByx- 
<J>a3Hbix cnjiaBOB , coctohiuhx H3 3epeH MaTpnubi h 3epeH hjih BbmejieHHH btopoh (})a3bi 
hjih ajijioTponHHecKOM MOAM(})HKauHH MaTpHijbi. B o6omx anynaax cnoco6 HanpaBJieH Ha 
co3iiaHHe perjiaMeHTHpoBaHHOH crpyKTypbi. 

B cooTBeTCTBHH co cnoco6oM , Koraa craBHTC5i 3aflana nojiyneHHa oahopohhoh 
MejiK03epHHCTOH crpyKTypbi, RTO HaHHHaioT c TeMnepaTypbi, npH KOTopofi cyMMapHoe 
co,aep>KaHHe btopoh $a3bi b cnjiaBe cocraBJiaer He MeHee 7%. ripH 3tom ee pa3Mep b y>Ke 
no,oroTOBjieHHOH b pe3yjibTaTe £TO MejiK03epHHcroH cipyicrype He nojixceH OTJwnaTbCH 
ot pa3Mepa 3epeH MaTpHUbi 6ojiee MeM b 10 pa3. Ilpw 3thx ycjioBnax MejiK03epHHcra5i 
crpyKTypa aBJiaencn cra6HJibHOH. YKa3aHHbie ycjiOBHH onpe,aejmiOT TeMnepaTypHbiH hh- 
TepBaji Aec^opMaiiHH, npn kotopom nocnejiHSin npHBcmHT k H3MejibHeHHio 3epeH Bcjieflcr- 
BHe npoxo>KneHHfl b cruiaBax ziHHaMHMecKOH hjih craTHHecKOH peKpHcrajuiH3auHH. 

nocrraAHHHoe cHH>KeHHe TeMnepaTypbi o6pa6oTKH ( aecj)opMauHH, jih6o 
^ec})opMauHH h oT>KHra) Heo6xoiiHMO jinn nocjieaoBaTejibHoro yBejiHHeHHJi ccmepacaHHe 
btopoh 4>a3bi hjih ajui capon HnecKOH MOAHc^HKauHH MaTpHUbi , HTO o6ycjiaBJiHBaeT 
H3MeJibMeHHe 3epeH ot CTa^HH k craflHH h nojiyneHHio crra6HJibHbix MejiK03epHHCTbix. 

COCT05IHHH CTpVKTVpbl BnjlOTb JXO T3.K Ha3bIBaeMOrO HaHOKpHCTaJIJlHHeCKOrO. 

JlllX HHKCJieBblX CnjiaBOB , B KOTOpblX CO£ep>KHTCH 3HaMHTeJIbHOe KOJTHMeCTBO (ao 

60-70%) BTopbix 4>a3 h pa3BHTne peKpucrajuunauHH KOHTpoJiHpyerca npoueccaMH 
BbiAejieHH« h KoaryjuiuHH y'-(J)a3bi , cymHOCTb H3o6pereHH« Tpe6yeT 6oJiee 
pacujHpeHHoro TOJiKOBamtH, a HMeHHO, npn hx o6pa6once Heo6xo,aHMO 
perjiaMeHTHpoBaTb ycjioBHfl Bbine;ieHHfl y / -c})a3bi h cooTBercrBeHHO TeMnepaTypHbiH 
pe>KHM Ha Ka>5caoH crajxvm oGpaooTKH. ripupocT KOJiHMecTBa /-(J^bi Ha Kaxyxoft cra,aHH 
He uenecoo6pa3HO npeBbimaTb 14%. MHane, BCJieacrBHe ^onojiHHTejibHoro BbmejieHH* 
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3HaHHTejibHoro ( 6ojiee 14%) KOJiHwecTBa /-(J^bi npowcxoflHT pe3Koe chhtkchhc 
njiacTHHHOCTH, npHBcimmee npn njiacTHwecKOH ae(j)opMau.HH k HapyweHHio cnjiouiHOCTH 
MaTepwajia. Tonia k&k , HanpHMep , b THTaHOBbix cnjiaBax, coAepttamnx miacrrHWHbie 
(})a3bi, He OKa3biBaiomHe pe3Koro oxpynnHBaiomero acJ^eicTa, He o6jnaTejibHO 
per^aMeHTHpoBaTb flonojiHHT&nbHoe BbwejieHHe apyrofi 4>a3bi. 

Apo6Haa fle(J)opMauHJi HHKejieBbix cruiaBOB c npoMejKyrowHbiMH oTOHraMH 
npHBOAHT k nocreneHHOMy H3MejibMeHHio MHRpocrpyicTypbi .Ejiaroaapji MHoroKpaTHOMy 
noBTopeHHK) onepauHH Haioiena h pa3ynpowHeHHH 3a cneT pa3BHTHs nepBHHHofi peKpn- 
cTajTJiH3au.HH cj>opMHpyeTCH y^bTpaMenK03epHHcrafl crpyKTypa, cocTOHtuaa H3 3epeH 
paBHOBecHoro (npH TeiwnepaType o6pa6oTKH) TBepaoro pacreopa (y-4)a3bi) h 3epeH y*- 
4)a3bi, TaK Ha3biBaeMa5i crpyKTypa MHKpaaynjieKC. CTeneHb Ae^opMauHH Ha KattflOH cra- 
ahh aonyKHa. 6biTb KpaTHOH H3MeHeHHK) b 1,2-3,9 pas HawajibHOH njiomaflH nonepewHoro 
ceweHHH , hjih Ha npcabuymeH craaHH. n^oma^b nonepeHHoro ceneHHfl He cjieayeT H3Me- 
HHTb b KaJKflOH craaHH b 4 h 6o;iee pa3, nocKOJibKy MeHbiiiHe .aec^opMauHH b aocraTOH- 
hoh crreneHH o6ecneMHBaiOT npopa6on<y cnpyKTypbi ojih npoxo>KfleHH5i peKpHCTaJuima- 
UHH. B npoTHBHOM cnyiae TaK»ce mojkct npcnoofira HapyiueHHe cnjiouiHOCTH MaTepnajia 
oco6eHHO npn ocaaice, KOTopas ncnojib3yeTCfl una noaroTOBKH saroTOBKH noa npoKaTKy. 
npn 3HaHeHH5ix MeHee 1,2 b OTiic.ibHbix Macrax 3aroTOBKH crreneHH aecfropMauHH Moryr 

6bITb paBHblMH KpHTHWeCKHM , npHBO.TWUJHM K P a3BHTHK) pa3H03epHHCTOCTH. j^ecJ)OpMa- 

UHJi npn 3HaweHnax 1,2-3, 9 AocraTOMHa zuih HHTeHCH(J)HKauHH npoueccoB KoaryjiflUHH 
wacTHU y'-4>a3bi , yBemmeHHa mx pas.Mepa ii Me>KHacTHMHoro paccrrosiHHa a t&ktkc Ha- 
KonjieHHJ) h nepepacnpeaejieHna jec})eKTOB.TaKHM o6pa30M co3.aaiOTC» 6jiaronpHHTHbie 

yCJlOBHS MX pa3BMTHfl ilMHaMUHCCKOfi H CTUTH HeCKOH peKpHCTajIJIH3aUHH H3 K35KAOH 
CTa^HH. 



C uejibio o6ecneHeHHH HaH6ojiee nojiHoro npoTeicaHHfl peKpHcrajuiH3auHOHHbix 
npoueccoB b KOHue Ka>K#OH cramiH npoBo/mT nocnefle(|)opMauHOHHbie o-nKHra, 6e3 
npHJio>KeHHfl Harpy3KH, jih6o c npmioxceHHeM Harpy3KH CaHHaMH4ecKHH o*r>KHr) . Orawr 

npHBO^HT K CTpyKTypHbIM H3MeHeHHHM , 06eCneMHBaK>lUHM (})OpMHpOBaHHe 

MejiK03epHMCTOH cxpyKTypbi, a Ha noaneflyiomHX cra^HHx nbBbiuiaer ruiacTH^HOCTb h 
cHH>KaeT conpoTHBJieHHe Ae(j>opMauHH. GneayeT Taioice OTMeraTb, hto flecJ)opMauHOHHo- 
TepMHHecKaa o6pa6oTKa coBMemaeTca c npeflBapHTejibHbiM 4>opMoo6pa30BaHHeM 
3aroTOBKH tioa npOKaTKy. 

J\nn HHKejieBbix cruiaBOB rae AM(J)(t)y3HOHHbie npoueccbi npH pacTBopeHHH h 

BbWeJieHHH H pOCTe BTOpOH (J)a3bl HBJIHKDTCfl OnpeACJI5IK)lIlHMH pa3BHTHH 

peKpHCTajuiH3auHH , h Tpe6yioT onpeaejieHHoro BpeMeHM , peKpHCTajuiH3auHOHHbie 
croKHrH Heo6xo,ziHMb!. 

B THTaHOBbix >Ke cnJiaBax , b KOTopbix b npouecce aecfropMauHH hhtchchbho pa3- 

BHBaeTCfl iXHHaMHMeCKafl peKpHCTaJUIH3aUHfl C (})OpMHpOBaHHCM MeJlK03epHHCTOH crpyK- 

Typbi , npoBe#eHne nociieAec^opMaunoHHbix cokhtob Me>Kfly cTaflHHMH He o6fl3aTejibHo. 
B /xpyrnx >Ke MaTepwajiax, HanpwMep, aycrreHHTHbix AHcnepcHOHHO-TsepAeiomHX cnnaBax 
Ha ocHOBe >Ke.ne3a, TpeoyioTCfl KpaTKOBpeMeHHbie nocjie ( n.ec})opMauHOHHbie o*r>KHrH, no- 
otomv hx ue/iecoo5pa3HO coBsiemaTb c HarpeBOM noix arieayiomyio crraflHK) ,ae(J)opMauHH. 

CnocoDbi H3roTOBjieHHfl laroTOBOK M3 MHorocj)a3Hbix cnnaBOB co^ep>KaT 
c/ienyhouuHe >aono;iHHTe;7bHbie npne.Mbi. 

Ha Ka>Knofi crazum BpcM« Bbi;icp>KKn npn OT/KHre 6e3 npHJio>KeHHfl Harpy3KH 
pcKOMeHnyeTCfl onpeae.iHTb no cooi Homemno (4). 

HeM 6onee jienipoBan cn:iaH n mcm nn>Ke Te\inepaTypa OT>KMra no cpaBHeHWK) c 
TCMnepaTypoH jaecJ)opMaunn , tcm TpcoyioTca 6o;iee iuiMTejibHbie Bbi/xep>KKH jinn 
pa3BMTHH b MaTepna;ie cTanmecKOM pck"pncTaJuin3auMH. ,ZJjiMTejibHOCTb Bbmep>KKM 



33BHCHT ot TCMnepaiypHoro peacHMa o6pa6oTKH , OTpameHHoro b BbiuieyKasaHHOH 
3aBHCHMocTH b cooTHOujeHHH *a3, a T3K>Ke ot XHMHMecKoro h (|)a30Boro cocrasa CFIJiaBOB 

Bbipa)KeHHOrO SMnHpHWeCKHM K03(J)(})HUHeHTOM K T . 

nOC*efle4)OpM3UHOHHb.H O-DKHF M05KCT fipOBOflHTbCJI T3K>Ke C npMJIOJKeHHeM 

Harpy3KH. B stom cjiynae b KOHqe Ka^ofi craflHH ffTO ocymecrBjiaercj. H3MeHeHne 

HawaJlbHOH CKOpOCTM fl«|>OpMaUHH B COOTBeTCTBHH C 3aBHCHMOCTbK»(5). 

H3Me H eHne HanajibHOH cko P octh Bceraa npoHSBOflHTCH b cropoHy yMeHbiueHH* 

HaWSJIbHOH CKOPOCTH fle(J)OpM3UHH, TeM C3MblM ^(})OpMHpyeM3fl saroroBica 

noflBepraerca peKpHcxajinmauHOHHOMy oTHCHry noa HarpysKofi b Henpepb.BHOM 
npouecce. B aaHHOM cjiynae b fl«j)opMHpyeMOM MaTepHajie 3 a chct chhjkchhm cko P octh 
^opMauHH co3aaK)TCH ycjroBHs fljia 6ojiee hojihofo npoTexa h hh aHHaMHHecKofi 
peK P HCTajuiH3auHH. n P H stom Hapjmy c cfraaoBbiM h xhmhhcckhm cocrasoM SHaneHHe 
HMeer TeMneMnepaTypHo-CKopocrHOH pe>KHM aeqoopMauHH , hto b coBOKynHocTH 

OTpa>KeHO B K03(})4)HUHeHTe K a .. 

B o6ohx c^ynaflx TCMnepaTypa OTxcnra Bbi6H P aerca b HHTepsajie TeMnepaTyp ot 
TeMnepaTypbi aefcopMawH no TeMnepaTypbi , npn koto P oh flonojiHHTejibHoe Bb W ejieHHe 
btopoh 4,a3b. He npeBbiiuaer 14%. n P H 3tom b pacnerax HcnojibsyercH 3HaneHHe 
KOJiHwecraa <t>a 3 bi, cooTBercTByiomee ee paBHosecHOMy coaepacaHHK) n P H TeMnepaType 



OT>KHra. 



Hto Kacaerca CKopocref, AeqoopMauHH , to 3MnH P HHecKHM nyreM 6mjio 
ycraHOBjieHO , hto H a nepBofi crazum H aii6ojiee npesnoHTHTejibHo ocymecrejiflTb ee b 
HHTepBane ocopocrefi I0 2 - 10" 3 c 1 . a CKopocrb ae<|>opMauHH H3 nocjieayromnx ct3ah*x 

Bb.6Hp3.OT B COOTBeTCTBHH C 3aBHCHMOCTbK> (6). OH3HHeCKHH CMblCJI 3TOH 3aBHCHMOCTH 

coctoht b tom, hto n P H nocramifiHOM CHH>KeHHH TeMnepaTypbi o6pa6oTKH k 6ojiee 

HH3KHM rOMOJIOTHHeCKHM TeMfiepaTypaM B03M05KHO cymecTBeHHofi 3aMeflJieHHe 
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^ncJ)cJ)y3MOHHb!x npoqeccoB (KOary^flUMM H paCTBOpeHHfl BTOpblX (J)a3). noaTOMy 
uejiecoo6pa3HO ot cTaj\nv\ k crrajaHH CHH>KaTb cKopocrb Ae(J)opMauHM, no 3HaMeHHH 
npH KOTopbix b nocTaTOHHow Mepe ycneeaiOT npowTH b MaTepna.ne £H(f)(})y3HOHHbie 
npoueccbi, cnoco6cTByioiuHe pa3BHTwo peKpHCTajuiH3auHH npn noHHweHHbix 
roMOJiorHHecKHX TeMnepaTypax. 

npeABapHTejibHOH ^ecf)opMauHOHHO TepMHwecKOH o6pa6oTKe mokct no^Bep- 
raTbCH Kan 3aroTOBKa , nonyMeHHaa MeTo^aMH nopouiKOBofi MeTajuiyprHH, TaK m ot- 
jiMBKa nojiyHeHHaji TpaAnunoHHbiM mctoaom. OjwaKO OTjiHBKy uejiecoo6pa3HO noABep- 
raTb o6biHHOMy roMoreHH3auHOHHOMy cnKHry b yKa3aHHOM HHTepBajie TeMnepaTyp h 
npH Heo6xoziHMocTH o6pa6oTKe b ra30craTe una ycrpaHeHH* nopMcrocTM.B coot- 
BeTCTBHH co cnocoooM cruiaBbi npeHMymecTBeHHO c orpy6iieHHOH jihtoh crpyKTypoH 
npeiinoHTHTejibHO no^BepraTb flonojiHHTeJibHOH RTO b HHTepBajie TeMnepaTyp ot 
0,95Tnji no TeivinepaTypbi , npw KOTopofi coaepacaHHe BTopofi 4>a3bi He npeBbiiuaeT 7%. 
ripn 3tom o6pa6oTKy Heo6xo,aHMO bccth TaK>Ke c nocTaaHHHbiM cHH>KeHHeM TeMnepa- 
Typbi, npMMeM Ha Ka>tcaoH cTa^HH TeMnepaTypy h CKopocTb iie(J)opMauHH perjiaMeHTH- 
pyioT corviacHO coothoiuchhio (7). TaKOH o6pa6oTKe uejiecoo6pa3Ho no^BepraTb Tax- 
>K*e MajiojierHpoBaHHbie cnjiaBbi, HMeioiuHe ujnpoKyio TeMnepaTypHyio o6jiacTb orho- 

(})a3HOrO COCTOflHMfl , B KOTOpOH 3TM CnjiaBbi npOHBJIHIOT BblCOKyK) nJiaCTHHHOCTb. 

npe/iBapHTejibHafl JXTO npn bwcokhx roMOJiorHwecKHx TeMnepaTypax cnoco6- 

CTByeT yCTpaHeHMK) B 3arOTOBKe XHMHMeCKOH H (J)a30BOH HeO£HOpOAHOCTH, Aec})eKTOB 

MeTa/1/iyprnMecKoro npoHcxojK/ieHHfl , npw 3tom nocTa^HHHoe CHH>KeHHe TeMnepaTypw 
b OAHoc})a3HOH o6jiacTH cnoco6cTByeT nocjienoBaTejibHOMy H3MejibHeHHK> 3epeH MaTpn- 
Ubi. /lec^opMauH^ Ha Kax<noH cra/iHH MO>KeT ocymecTBJiflTbca npn nocTOHHHofi , hjih 
M3MeHHK)ineHC5i Ha npoT5?>KeHHM crraAHH TeMnepaTypw ,ae(})opMauHH. B nocneAHeM cny- 
wae, npn H3MeHeHHM TeMnepaTypbi ocymecTBJifleTca nponopuHOHajibHoe H3MeHeHne 
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ckopocth Ae<}>opMauHH. 3xo o6ycjioBjieHO xe M , wxo npn b peajibHOM xexHOJiorHHecxoM 
npouecce mojkct Ha6jiKwaxbCJi jih6o oxjiaacaeHne MaxepHajra, HanpHMep, BCJieacxsMe 
noacry^HBaHMfl, hto Bbi3biBaer pe 3 Koe chhhcchhc ruiacxHHHocxH Maxepnajia, jih6o ero 
ae(})opMauHOHHbiH pasorpeB, npnBOiwmnH k orpy6jieHHK) crpyKTypbi h pa3BHxwo pa 3 - 

H03epHHCTOCTH. YcXpaHeHWe HOKejiaXCJIbHOrO BJlHHHHfl H3 CTpyKTypy H3Me H eHHH XeM- 

nepaxypu aocxHraexca nocpeacxBOM cooxBexcxsyiomero H3MeHeHHH CKopbcrHoro pe- 
KHMa ae(|)opMauHH , KoxopbiH peryjwpyexc* no (j)o P My;ie b saBHCHMOcrra or xeiwnepa- 
TypHoro pc>KHMa .ne^opMauHH. 

nocKonbKy pejKHMbi ^TO xpe6yiox perjiaMeHxaiwn qejiecoo6pa3HO 3T y 
o6pa6oTKy ocymecxBjmxb b H3oxepMHHecKHX ycjioBHax, jih6o 6jih3khx k 

H30Tep MHHeCKHM. fljlfl 0 6ecneMeHHH yCJIOBHH 6JIH3KHM K H30Te P MHHeCKHM ( 
KBa3HH30Te P MHHeCKHM) MaCCHBHbie 3arOTOBKH nOMeUjaiOX B TenJIOH30JIH P yiOmHH 

KOHTefiHep, TOJiuiHHa cxeHKH KOToporo Bbi6H P aeTCfl h 3 cooxhoiuchhh (8). TaKoe 
cooTHomeHHe , ywHTbiBawmee Kan xapaKxepwcxHKH Maxepwajia saroxoBKH h KOHxefiHepa 
, TaK h napaMerpbi KOHxefiHepa, o6ecneHH B aeT coxpaHeHHe ero cnouiHocTH n P H 
fl«J)op M auHH. Maxepnaji KOHxefiHepa BbiGHpaexc* 6ojiee ruiacxH hhum h Me H ee npowHbiM 
no cpaBHeHHio c MaxepHajioM saroxoBKH , ho He 6ojiee He M b 4 paaa. 3xo cnoco6crByex 
3HawHTeni,HOMy cHiirceHHio KonxaKTHoro xpeHH« H a xop U eBb.x noBepxHocrax, h xe M 
caMbiM no3BOJi«ex y.MeHbWHXb He-A-ejiaTenbHbie pacxarHBaiomHe HanpaaceHH* H a 6okoboh 
noBepxHocxH oca>KHBaeMbix 3aroxoBOK. 

napaMexpbi KOHxeftHepa , ynnxbiBaraiuHe ero KOHCxpyKXHBHbie ocoGchhocxh, a 
xaK>Ke xapaKxepHCXHKH xeruio.no/iauHOHHwx MaxepwajioB ,n P HMeH*e M bix MOKAy 
3 aroxoBk-OH h creHKaMti KOHxeftHepa ooooujeHb. b 3MnnpMwecKOM K03(J>c})HUHeHxe K„ , 

PUBHOM 4-8. 

n P M BbinojiHHH yoioBHfi, onp M ejineMwx BbiiuenpHBeaeHHbiM cooxHouieHHeM 



o6ecnewMBaiOTCfl orrrHMajibHbie ycjiOBHJi /ui« peajiM3auMH npe/yiaraeMoro H3o6peTeHMfl. 

FIpH HCnOJ1b30BHHHH KOHTeHHepOB C pa3MepaMH, Hey^OB JlCTBOpfl K>m H M M flaHHOMy 

cooTHOiueHHio b MeHbiuyK) cTopoHy He o6ecneMHBaeTC5i Heo6xoiiHMafl TexHOJiorHMecKaa 
njiacTHHHOCTb h noA B03iieHCTBHeM BbicoKOH TeMnepaTypbi h pacTHrHBaiomHx 
Hanp«>KeHHH HapyiuaeTca uejiocTHOCTb KOHTefiHepa, b pe3yjibTaTe Hero npOHcxoAHT 
jioKajibHoe no;icTy>KHBaHHe MaTepHajia 3aroTOBKH. Hpe3MeHoe yBejiHHeHne TOJimHHbi 
creHKH KOHTeiiHepa, b 6ojibuieH creneHH, weM 3TO npe^ycMOTpeHO no coothoujchhio 
,npHBOAHT k TOMy , MTO MaTepMaji KOHTeflHepa, HaHHHaerr HrpaTb pojib 
4>opMoo6pa3yiomero HHCTpyMeHTa h b 3HawHTejibHOH creneHH BJiHATb Ha KOHenHyio 
cj)opMy 3aroTOBKH. KpoMe Toro ycjioxcHHerca npoqecc nocjieayiomero ero y/iajieHHH h 
TeM caMbiM noBbimaeT TpyaoeMKOCTb npe/maraeMoro cnoco6a. 

OKOHMaTejibHaji aecfiopMauHH npoKaTKOH 3aroTOBOK c noaroTOBJieHHOH 

CTpyKTypOM B TeMnepaTypHO-CKOpOCTHOM pe>KHMe CBepxnJiaCTHMHOCTH n03BOJIHK)T 

nonynaTb KanecTBeHHbie ocecHM MeTpHHHbie jxerBJM c o^HopoflHOH MejiK03epHHcrofi 
CTpyKTypoH. nocjienyFomaH TepMOo6pa6oTKa, npoBoaHMaa TpaflHUHOHHbiMH MeroaaMH 
no3BOJT5ieT b AajibHeHLueM nojiyMHTb jxerdsiH c 3aaaHHbiMH napaMeTpaMH crpyicrypbi , 
ooecneMHBaHDmHMH TpeSyeMbiH KOMruieKc cbomctb, H30TponHbix bo Bcex Hacrax aerajiH, 
hjih mohotohho M3MeH5iK)mnxc5i no ceMeHHK) .aeTajiH , 3a cneT <|)opMHpoBaHHfl wacrreH 
aeTajiH c mcjikhm hjim KpvnHbiM 3epHOM. 

Jinn AeTajieH c MejiK03epHncroH crpyKTypoH , npeHMymecTBeHHO, npeflHa3Ha- 
neHHbix jxnn 3KcnjiyaTauHH npn TeMnepaTypax 6jih3khx k TeMnepaType crapeHHH 
cnjiaBOB, OKOHHaTe/ibHy K) TepMooopaooTKy hcoGxoahmo npoBOAHTb c HarpeBOM Bbiuje 
TeMnepaTypbi pacTBopeHHfl BTopon t})a3bi n;ui h h3kotcm nepaTypHOH aJuiOTponHHecKofi 
MOAMc})HKauHH MaTpnubi b TeMCHHH BpeMeHn, iiocTaTOHHOM jinn yKpynHeHHH JXO 2-10 
KpaTHoro pa3Mepa 3epcn. 
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Konw craBH-rc* saaawa nojiyweHMa cneunajibHofi, HanpHMep, rnna " ottepejibe", 
o^HopoflHOH hjih perjiaMeHTHpoaaHHo HSMeHajomeficH no ceneHMK} aerajiH cTpyxrypb. 
H3 )KaponpoMHb.x HHKejieBbix cnjiasoB , ee nojiynaur nocpeacTBOM BapbHpoBann* 
hcxoahoh (nepcn- npoKHTKofl) crpyKTypofi 3aro T OBKH, pokhmob JiOKaiibHofi 
^opwauHM , H Te P Moo6pa6oTKH . ^era™ c raKOH crpyKrypoH npcuwaaHaMeHb. • an* 
Hcnojib30BaHH» b H3Aen H «x eyaymero noKojienHa, b nacTHOCTH , aapoKOCMHnecKOH " 

TeXHHKH. 

OopMHpoBaHHe b aerajiHx raKofi crpyKTypti ocymecTB^erca no a B y M 

BapwaHTaM: 

1) Hcnojib3yeTC« saroroBKa c noaroroBJieHHofi KpynHOsepHHcrofi crpyKTypofi, 
xoropaa MOKer 6b«rb nojjyseHa Jiio6biMH H3BecTHbiMH MeroaaMH, HanpHMep , 
nopouiKOBofi MeTaji^yprHH. 

2) Hcnojibsyerca 3 aroTOBKa c nonroroBj.eHHOfi MenicoaepHHcrofi crpyKTypofi, 
nojiyqeHHofi no onncaHHOMy Bbiiue cnocooy. 

nepea npoKHTKOH b ooohx cjiynaax npoinso^T Harpes b o^ho^hoh oejiac™, 
ho H e Bbiiue 1,07 T n.p. y. KoHKperHb.e reNtneparypa or>KHra h BpeMH Bbwep*™ 
onpeaeniioTcn b 33bhch mocth or Mcxojwbix. m 3 a„aHHb.x KonewHb.x napawerpoB 
crpyKTypb. bo Bcefi 3aroTOBKc m.im ee orse.nbHb.x HacTHx. B nocj,e fl He M oiynae 
ue^ecoo6pa3Ho »,cnojib30Ba T b laroroBicy c noaroroBJieHHofi MejiK03epHHcrofi 
crpyKTypofi. flanec cnwyer oxjiawaeHHe c reMneparypb. OT>KHra no reMneparypb. He 
Bb.we reMneparypb, Ae<t>opMau»m. c nocroaHHofi hj,h nepeweHHofi cKopocrbK), 
oeecneMHBajomefi npnpocr KOJiiiHecrBa y<- «j,a 3 bi b HHrepeajie or 5% / wac. ro 50% / 
nac, 3 areM npoKarKa b reMneparypHO-CKopocrHOM pe>KHMe CBepxnjiacTHWHOCTH h 
OKOHwaTejibHaa repMooopaoorKa. Koropyio nposo^r npn reMneparype hh>kc Tn.p. y. 
(})a3bi. 




KoHTpoJiHpyeMoe oxjia>taieHwe c TeMnepaTypbi peKpMCTajuiM3auHM b MHTepBajie 
CKopocTefi ,o6ecneMHBaiomHx npnpocT KOJiwnecTBa y'- 4»a3bi He MeHee 5% / Mac, ho He 
ooJiee 50%/nac no3BOJiaeT paBHOMepHO BbmejiHTb BHyTpw 3epeH MaTpwubi zwcnepcHyio 
y'-(J}a3y. Oxjia>K,aeHHe cnjiaBa c TeMnepaTypbi peKpwcTajuiH3auHH co CKopocrbio MeHee 5 
° ; o / nac. npHBOflHT k Hpe3MepHOH KoaryjiauHH y'-(})a3b! , ee ory6jieHHK) , o6pa30BaHHK> 

UJMpOKHX npHrpaHHHHblX 30H, CB060flHbIX OT BbmeJieHHH , HTO npHBOJ^HT npH 

nocjienyiomeH ae(})opMauHH k peKpHCTajuiH3auHH c o6pa30BaHHCM CTpyKTypbi THna 
MHKponyruieKc. KpoMe Toro HH3KHe ckopocth oxjiaacaeHHfl npHBOiiflT k BbiaejieHHio 
Kap6HAHbix $a3 c He6jiaronpHHTHOH Mop^ojiorneH. B to tkc BpeMs Bbicoxan CKopocrb 
oxjia>K7ieHHfl CBbiiue 50% / wac, npHBOflHT k Bbi^ejieHHio flHcnepcHOH y'-4)a3bi , KOTopaa 
pe3Ko cHH>KaeT njiacTHMHOCTb MaTepnajia. Oxjia>tcaeHHe cnjiaBOB b Bbi6paHHOM 
MHTepBajie cKopocTew h nocneayiomafl ,ae(J)opMauH5i b TeMnepaTypHO-cKopocTHOM 
pe>KHMe cBepxnuacTHHHocTH oGecnewHBaiOT nojiyneHHe cra6HJibHOH cy6crpyKTypbi 
BHyTpM TenjroAec})opMHpoBaHHbix 3epeH. FIpoBe^eHHe oxjia>fcneHHH c nocTOHHHOH hjih 
nepeMeHHOM CKopocrbfo no3BOJTfleT nojiynaTb Tpe6yeMyio MopcfcojiorHK) BTopbix <})a3, hto 

BeCbMa Ba>KHO lUlfl (|)OpMHpOBaHHH OnTHMaJTbHblX CTpyKTypHblX COCTOflHHH , 
OOecneMHBatOLUHX 3a£aHHbIW KOMriJieKC CBOHCTB. B 3aBHCHMOCTH OT BeJIHHHHbl KOHeMHOH 

aec()opMauHH BMa CTpyKTypbi cymecrBeHHbiM o6pa30M H3MeH*ieTCfl. £e(j)opMauHfl 
MaTepnana Ha 55-75% ooecneMHBaeT nojiHyK) npopa6aTbiBaeMocTb MaTepnajia, co3^aHHe 
CTaoHJibHofi h oaHopoxiHOH no o6i>eMy cnpyKTypbi Twna "o >tcepejibe TaKoe 
CTpyKTypHoe cocroflHue b fleTajut yiBJifleTCfl onTHMajibHbiM j\nn oSecneHeHHa BbicoKOH 
npoMHOCTH m MajiounKJioBOH ycTajiocTH npn yMepeHHbix TeMnepaTypax (450-650 °C). 
flpn YMeHbiueHMM creneHH iie^opMauHH c 55 no 35 % aojih MejiK03epHHCT0M 
cocTaBJiJHomen b crpyKType "owepejibe" yMeHbwaeTca , npH 3tom yMeHbiuaeTCH TaK>Ke 
MeTajuiorpac})HHecKafl TeKcrypa. flocjie o6paooTKH co creneHaMH 15-35% (j)opMHpyeTC5? 
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KpynHoaepHHcra* crpyinypa c H3BHJiMCTbiMn rpaHMqaMM aepeH. Taica* crpyKrypa 
o6jiaAaer noHHaceHHbiMH no cpaBHeHMio co crpyKrypoH rnna "oacepejibe" 

npOHHOCTHbIMM CBOMCTB3MM, OAH3KO npOflBJISCT 60Jiee BblCOKHe »apon P OMHbie CBOHCTB3 
BCJieaCTBHe OTCyTCTBHfl njiaCTHHHOH MejlKOSepHMCTOM npOCJIOHKH MOKfly KpynHblMH 

Tenjiofle^opMHpoBaHHbiMH 3ep H aMH. Crpyioypa c H3BHJi*CTbiMH rpaHHuaMH 3 epeH 
o6ecnewHBaer H an6ojiee BbicoKne acaponpoMHbie CBOHCTBa n P H noBbiweHHb.x 
TeMnepaTypax 650-750°C. 

JXna cra6HnH3auHH b paajiHMHbix HacTax aerajin cooTBercTByioiuero xapaicrepa mhk- 
pocrpyKTypbi , nojiyweHHofi b peayjibTaTe Ae<popM3 U HH b peacHMe CBepxnjiacTHMHOCTH, h 
o6ecneHeHHH BbicoKoro KOMnjieKca cbohctb 3 a ewer AonojiHHrejibHoro BbiAejieHHa ahc- 
nepcHOH ynpo4H»iomeH y'-(pa3b. n P OBOA*T Te P Moo6pa6oTKy npw reMneparype hhjkc 
Tn.p. y'-(pa3bi. 

Cnoco6 nojiyweHHH cneunajibHofi perjiaMeHTHpoBaHHofi cnpyKTypbi b HHKejieBbix 
cnjiaBax, o6ecneHHBaK>meH AOCTHAeHHe b AeTajiax noBbimeHHoro yposH* SKcnjiyara- 
UHOHHbix cbohctb, pasBHBaeTca b cneayiomHx AonojiHHTejibHbix npneiviax. 

nepea npoKancoH no KpafiHefi M epe b AByx coccahhx wacTsx saroTOBKH npoBOA*T 
OT>KHr c cosflaHHCM rpaaweHTa Te.Mneparyp, npnwew TeMnepaTypy hsmchhiot b HHTep- 
sajie OTTeMnepaTypbi, pasHof. O.S T n.p.y b oahoh nacTH 3aroTOBKH ao TeMnepaTypb. 
, cocTaB/,a.omeH He 6oj,ee 1.07 T n.p. y b Apyrofi HacrrH , npHneM nooieayiomee 
oxjiaKfleHHe c TeMnepaTypb. OTAura ao TeMnepaTypw He Bbiuie TeMnepaTypb. Aecfrop- 
MauHH ocymecTBJiflfOT c nocTonHHofi hjih nepeMeHHofi CKopocTbK) , o6ecnewHBaioweH 
npnpocT KOJiHHecTBa y- 4,33b. b MMTepaajie ot 5% / Mac. ao 50% / nac, a OKOHHaTejibHyro 
Tep M oo6pa6oTKy nposoAflT npn TeMnepaxype HH^e Tn.pY-<l>a3U.TaKaji onepauna H e- 
o6xoahm3 jwx cosaaHim b Aera.Hn mohotohhofo H3MeHeHH» pa 3 Mepa 3 epeH ot mcji- 
K03e P HHCToro b HacTH aerajiH . iiarpeaaeMoR AO 0,8 T n.p.y , ao KpynH03epHHCTofi b 



nacTM aeTajiM , HarpeBaeMOH no TeMnepaTypbi 1,05 T n.p. y' , b kotopoh b pe3yjibTaTe 
OKOHHaTejibHow iie(J)opMaiiHM c})opMHpyeTC5! cnpyKTypa Twna "otcepejibe". 

AHajiorHMHbiH 3cj)cJ)eKT TaK>Ke MO>KeT 6biTb AOCTHrHyT b cjiynae: 

ec.iH onepauHK) JiOKajibHoro 4)opMoo6pa30BaHHfl no KpafmeH Mepe b flsyx 
coce^HMx HacTefi 3aroTOBKH npoBOiXHT c pa3HbiMH creneHflMH , m3mchjik)ihhmmc5i 
mohotohho ot oiiHOH Mac™ 3aroTOBKH k apyrofi Ha 0,25-0,75 ot creneHH Ae(J)opMauMH 
cocexmew MacTM. EjiaroAapa perjiaMeHTHpoBaHHOMy H3MeHeHHK) creneHH ^ec^opMauHH 
ot ohhoh nacTH 3aroTOBKH k apyron AOCTHraeTCH cooTBercTByiomee H3MeHeHHe 
m h Kpocrpy KTypbi h cbohctb no ceneHHio aeTajiH THna JXWCK. 

U t ejiecoo6pa3Ho npn H3roTOBJieHHH aeTajiefi co cneqwajibHOH 

perJiaMeHTHpOBaHHOH CTpVKTypOH H3 3arOTOBOK C nO/irOTOBJieHHOH MeJlK03epHHCT0H 

cTpyKTypofi peKpHCTajuiH3auHOHHbiH OT^Kwr npoBOAHTb He nocjie JUO , a b npouecce 
OKOHMaTejibHOH ziec^opMaiiHH. ripn 3tom npoKaTKy aeTajieM npoBOflflT b jxsa 3Tana : Ha 
nepBOM b npe/zenax TeMnepaTypHoro HHTepsajia cBepxnjiacTHHHocTH 3aroTOBKy 
aec{)opMHpyioT jxo pa3MepoB , cocraBJifliomHx 0,6 - 0,9 ot kohchhux pa3MepoB aeTajiH, 
a Ha btopom 3Tane npoBOnaT ot>kht b OAHocJ)a3HOH o6jiacTH h oxjia^eHHe c 
TeMnepaTypbi oT/KHra ,no TeMnepaTypbi He Bbiiue TeMnepaTypbi >aec})opMauHH, c 
nocTOflHHOH hjih nepeMeHHOH cKopocTbio, o6ecneHHBaK>meH npHpocr KOJiHHecTBa y'- 
(})a3bi b HHTepBajie ot 5% / wac. jxo 50% / Mac, 3aTeM npoH3BO£flT nocjieayiomyio 
Aec})opMauHK) jxo KOHewHbix pa3MepoB h OKOHnaTejibHyio TepMOo6pa6oTKy npH 
TeMnepaType Hwxce Tn.p. y'-(J)a3bi. 

3a cweT .necfiopMauHH ao onpenejieHHbix pa3MepoB b ycjiOBHJix CBepxnjiacTHH- 
hocth , Koraa 3aroTOBKa HMeeT MejiK03epHHcryK> crpyKTypy , noBbiojaeTca skohomhm- 
HocTb npouecca. ^ecfiopMauMfl Ha btopom 3Tane , Koraa b pe3ynbTaTe OT>Kwra h oxjia>K- 



aeHHfl b aaroTOBKe cpopMHpye-rca KpynHoaepHHCTaa CTpyicrypa c BHyTpH 3 epeHHbiMH 
ancnepcHbiMH BbwejieHHaMM y'-cpaabi, aetpopMauHa ocymecTBJi»e-rcfl c MajibiMM crene- 
hhmh , ho BnojiHe flocTaTOHHWMH fljifl nojiyneHHJ! cneuHa^bHofi crpyKTypbi. 

OnepauMH jioicajibHoro 4>opMoo6pa30BaHH» M oryT coBMewaTbca c 
oxJiaameHHeM nocjie oT>KHra 3 aroTOBKH no TeMnepaTypw fldcpopMauHH, npn 3tom b 

HaMaJlbHblM MOMeHT BpeMeHH COBMemeHHJI CKOpOCTb fle(})OpMaUHH CHHWaiOT b 10-100 

pa 3 , h nanee k KOHuy oxjia^eHna CKopocrrb AecpopMaijHH y B ejiHWHBaioT no saaaHHofi. 

TaKofi npneM nosBOJiaer He TOJibKo noBbicHTb npoH3BOflHTejibHocTb TexHOJiorHHecxoro 

npouecca, ho h nojiyHHTb HOByio MOflH^HKaumo cipyKTypbi. 

npoBe^eHHe onepauwH saMeaneHHoro oxjiaacfleHHJi non AeficrBHeM nocroflHHO 

npHJio>KeHHoro HanpjweHHH, o6ycjioBJieHHoro coBMemeHHeM ynaaaHHbix onepauHM c 

oKOHHaTejibHofi ae(})opMauHeH npoKaTKofi cnoco6cTByeT (})opMHpoBaHHio b aerajiH 

crpyKTypbi c apjco Bbipa>KeHHOH TeKCTypofl ee cocTaBJUHoumx. 

CHHJKeHHe ckopocth ;ie<J)opMauHH b 10-100 pas b HanajibHbiH momcht cos^aiOT 
aocraTOHHbie BpeMeHHue ycjioBHa juih H aH6ojiee nojiHoro BbwejieHHfl h KoaryjwuHH y'- 
(paau. BaieacTBHe coBMemeHHH onepaqHH o-nKHra h AexpopMamw BHyrpHsepeHHbie 
BbiaejieHHfl ynpoHHawmefi y'-4>a3bi hmoot reHaeHUHio BbicrpaHBaxbc* b HanpasjieHHH 
npHJioaceHHoro HanpirA-eHHii. B tom we HanpaBneHHH BbiT5myTbi cy63ep H a BHyrpH 
KpynHbix TenjioflapopMiipoBaHHbix 3epe H , afcopMHpoBaHHbix b npouecce OKOHwarejibHOM 
aopopMauMH. Tatcaa crpyKTypa b AerajiH , b otjihhhc ot o6biHHOH crpyKTypbi THna 
"owepejibe" o6jiaaaeT 6ojiee bmcokom TepMMHeacoH CT a6HJibHocrbJO crpyicrypHbix 
cocraBJiafomHx ( cyoscpeH. Bbiae/ienHfi y'-cfcaib. ), 6ojiee ap K o BbipaaceHHofi TeKcrypofi 
coBnaaajomefi c HanpaB/iem.eM waKCMMajibHux pacrarHBawmMX HanpurceHMfi 
fleficTByKDiuHx npn OKcn.nvaTamin. 

BMecre c Tern neo6\oanMo otm eTMTb, wto b AeTajwix coBpeMeHHbix h 




nepcneKTHBHbix H3nejiMH jxnn BbicoKOHarpyaceHHbix 3HepreTMMecKnx ycraHOBOK m 

aapOKOCMHHeCKOH TeXHHKH nOBblUJeHHblH ypOBCHb 3KCnJiyaTaUHOHHb!X CBOHCTB, 

o6ecneMMBaeTc« 6naro,aapfl c})opMHpoBaHHK) b hmx cneqn(})MMecKOM 3epHorpaHMMHofi h 
BHyTpH3epeHHOM crpyKTypbi, HanpHMep, THna " OKepejibe" , KpynH03epHHCTOH 
crpyKTypbi c H3BHJincTbiMH rpaHHqaMH 3epeH b pe3yjibTaTe npoBeaeHHfl cjio>khom 
TepMOMexaHHMecKOM o6pa6oTKH. KpoMe Toro, kzlk OTMewajiocb Bbime , Heo6xoflHMO 
(})opMHpoBaHHe perJiavieHTMpoBaHHOM crpyKTypbi no ceweHMK) aerajiH jxj\sk oGecneneHHH 
onTHMajibHoro KOMnjieKca cbohctb , onTHMH3HpoBaHHbix c yneTOM peajibHbix ycnoBHM 
3KcnjiyaTauHM. 

FIpoKaTaHHbie jxerajiw c MejiK03epHHCTOH cnpyKTypoH, npe^Ha3HaweHHbie, npe- 
HMymecTBeHHo, ana 3KcnjiyaTauHH npn TeivtnepaTypax , 6jih3khx k Te\inepaType cra- 
peHMJ? cnJiaBOB uenecoo6pa30 no^BepraTb OKOHnaTeJibHOM TepMoo6pa6oTKe c Harpe- 
bom Bbiiue TeMnepaTypbi pacTBopeHHH BTopofl c})a3bi hjih HH3KOTeMnepaTypHOM ajuiOT- 
ponHHecKOH MOAHcJwKauHH MaTpHUbi b TeneHMM BpeMeHH, flocTaTOMHOM juih yKpynHe- 
hha 3epeH jxo 2-10 KpaTHoro pa3Mepa. Tanoe crrpyKTypHoe coctohhhc o6ecneHHBaeT 
onTHMajibHoe coneTaHne KpaTKOBpeMeHHOH h /uiHTejibHOH npoHHOCTH npw TeMnepaTy- 
pax 3KcnjiyaTaunn. 

Cnocoo noHCHfleTCH c noMoaibio H/uifocTpauHH, Ha KOTopbix npHBcaeHbi: 

Ha cfmr. 1 cxesta ycTpOMCTBu anx npoKaTKH ocecwMMeTpMMHbix aeTajieH. 

Ha c})Hr.2 cxesia npoKaTKH nucha cjiokhoh (J)opMbi. 

Ha $Hr\3 cxe\ia npoKaTKM ocecMM MeTpim hoh jxeranvi THna o6ojiOHKa. 

Ha (})Hr.4 cxe.\ia npok'aTKn komomhmpobshhoh zieTajiH THna ruck c BajiOM. 

Ha (J)Hr. 5 cxesia Tenjion3o:inpyK)iuero KOHTeHHepa . 

Ha 4>nr. 6 - 8 npHBenenbi 4>OTorpac})nn npoKaTaHHbix aeTajieH c pa3HbiMH (J)op- 

m a M H . 
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Ha (pnr. 9 MHKpocTpyKTypa cnjiaBa 311962 nocne ffTO. 
Ha (pnr. 10 MHKpocTpyKTypa cnjiaBa 3H698 nocjie ffTO. 
Ha (})Hr. 1 1 MHKpocTpyKTypa cnjiaBa 3FI975 nocjie ffTO. 
Ha (})Hr 12 MHKpocTpyKTypa cnjiaBa A-286 nocjie ffTO. 
Ha (})Hr. 1 3 MHKpocTpyKTypa npoKaTaHHoro AHCKa 311962. 
Ha 4>Hr. 14 MaKpo h MHKpocTpyKTypa npoKaTaHHoro aacxa 3n962 c pemaMeH- 
THpOBaHHOH CTpvKTypofi. 

ripHMepbi peajiH3auHH cnoco6a. 
npoKaTK-a aerajien npoH3BoaHJiacb b ycrpoHCTBe cxeMa KOToporo npHBe^eHa 

Ha <})Hr. 1, r fl e I - npoKaTbisaeMa* aaroTOBKa; 2, 3 - nHHOJin; 4, 5 - np HB oabi nHHOJiefi; 

6 - 9 HaKjioHHbie pohhkh ; 10 - 13 npHBoab, hekjiohhux pojihkob; 14 H3>khmhoh P o;ihk; 

15 - npHBoa HaMCHMHoro pojiHKa ; 16 CHcreMa ynpasjieHH* crana , BWHowawmaji 3BM , 

npeo6pa3yK>mHe HcnojiHHTenbHb.e 3;ieMeHTb. 6;iokh h o6paT H yio c B5I 3b(3^eMeHTb. «a 
*nr. He noKasaHb.); KpoMe Tore ycrpoHCTBO HMeer pa6owyio KaMepy - nenb (17) c 6jio- 
kom peryjiHpoBamia m noMep^aHiw TeMnepa T y P bi (6jiok peryjinpoBaHH* h kohtpoji* 
TeMnepaTypb. Ha 4», r .l H e noicasaH). Oewb HMeer OTBepcTHH jui* BBoaa ae<i>opMHpy,o- 
mero HHcrpyMeHTa h nHHOJieii. Crpe/iKaMii noKasaHW HanpaBjieHHa Bo 3M o>KHb.x nepe- 
MeuieHHfi h BpaiueHiiii iiHcipyMCHra. TexHOJiorHwecica* ocb npe^Ha3Ha4e H a juin ucht- 
pauHH 3aroTOBKii b niiHOJiax. 

no3Hunefi 19 o6o3Haicna 3aroTOBKa aiicica cjio>khoh (J)o P Mbi (<pHr.2). 

no3H U Hen 20 ooo3HaHeHu saroTOBKa jerajin THna o6ojioHKa((})Hr.3). 

no3HUHCH 21 o6o3Hanena saroroBKa KOM6HHH P OBaHHOH aeTajiH THna ahck c 
BajioM.((J)Hr.4). no3nmiefi 22 oTMCMcua onpaBKa ajih 4>op M oo6pa 3 oBaHHa B ajia. 

no3H U HeH 23 o6o3MaMe.,a woTOBKa nepea ffTO b TenjiomojwpyiomeM koh- 
TeHHe P e(c(,Hr.5). no3,m».»MH 24-26 o6o3HaMeHb. 3^e M eHTb, KOHTefiHepa : Mera^Hwe- 



37 



ckmh KO>tcyx KOHTefiHepa-24; TeruioM30JiHpyK>mafl npoKjiaaKa - 25; npoMOKyTOMHaa 
npoKJiaziKa - 26. 

ffpMMep 1. B KanecTBe 3aroTOBKH Hcnojib30Bajiacb iiJTaMnoBKa M3 HHKejieBoro 
crmaBa 3FI962 c hcxohhoh MejiK03epHHCTOH crpyKTypofi. OopMa 3aroTOBKM b mcxoa- 

HOM COCTOHHHH COOTBCTCTBOBaJia H306pa>KeHH0H B I103HUMH 1 Ha (jwr. 2a. ^HaMeTp 

LLiTaMnoBKM cocTaBJiHJi oko/io 400 mm, TOJiiijHHa crrynHUbi 70 mm. j3e4)opMauHio ziaH- 
Horo cnjiaBa npoH3BOflHjiH npH TeMnepaType cBepxnjiacTHMHOCTH (1100°C), hto hm>kc 
TeMnepaTypbi co6HpaTejibHofi peKpHCTajuiH3auMM. CHanajia 6biJio npoH3Be;ieHO 06- 
>KaTHe ( AecJ)opMauHH) ueHTpajibHofi nacTH 3aroTOBKM - crrynHUbi nnHOJiHMH 2 h 3 c 
ynejibHbiM ycHUHeM npeBbicHBUJHM conpoTHBJieHHe Ae<})opMauHH MaTepwajia b crrynHue 
3aroTOBKH. B pe3yjibTaTe nocjieAOBaBiueH BCJiejxcTBHe 3Toro ruiacTHnecKOH aec})op- 
MauHH, 6buia cc})opMHpoBaHa c Heoxo/uiMbiMH pa3MepaMH cTynHua h oGeneneH pa3- 

BHTblH (})H3HHeCKHH KOHTaKT ee TOpueBOH nOBepXHOCTM C nHHOJIHMH BeCbMa Ba>KHbIM 

a/ia nepeaaHM KpyTamero MOMema ot cTaHa k 3aroTOBKe. 3areM ziaBJieHHe co cto- 
poHbi nHHO/ieH 6biJio cHH>KeHo. riocjie ocfiopMjieHHfl CTynHUbi BKJiiOMajiH npHBOiia 
BpameHHH h nepeMemeHHA pojihkob 6-9 (Ha 4>hi\ 2 pojiHKH 6 h 7 He noKa3aHbi no- 
CKOJibk-y ohm pacnoiio>KeHbi c h m m cTp h m h o pojiHKaM 8 h 9), h nocjienoBaTejibHO HaMH- 
Hajin 06/KHMaTb ( ne(j)opM HpoBaTb ) 3aroTOBKy co cKopocTbK) - 10" 2 c' 1 , HaHHHafl OT 
MacTH 3aroTOBKH, Henocpe^CTBenHO coceacTBytomeH co CTynnueH, h aajiee k nepufye- 
pHHHbiM wacTAM 3aroTOBKH c vvaejibHbiM yciiJweM h c Hanpn>KeHHeM, npeBbiiuaiomHM 
conpoTHBJieHHe Aec^opMauHH (ne MeHbuiMM npene/ia TeKynecTH) npoKaTbiBaeMOH nac- 
tm. OnHaKO npn nocTM>KeHHM Harpy3Kn, npeBbrujaK)uueH flonycTHMyio, CKopocTb ae- 
4)opMauHH 6biJia CHMKeHa no 3 h a m e h h h 2 • 10 3 c" 1 , a nojioxceHMe pojihkob othoch- 
TejibHo MepHnnaHa.n bHOM njiocKocmt ( iijiockocth npoxoaameH Mepe3 ocb BpameHH* 
3aroTOBKH ) 6biJio CMeweHo Ha ^ 6 mm , mto He npeBbiiuaeT cpe^HMH paanyc pa6oneH 
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wacTH HHcrpyMeHTa. 3th npneMbi nosBOJiHJiH yiueHbiiJHTb pajaHa.ibHyio cocTaBJinio- 
myio ycHjiHJi npoKaTKH h cootbctcbchho paanajibHo HanpaB.aeHHvjo KOMnoHem-y H a- 
npjDKeHHJi t. e. b AaHHOM cjiynae - Harpy 3 Ky. KpoMe Toro wepe 3 OTBepcrm* b crynHue 
h nHHOJWx crajiH npo/jysaTb non aaBJieHneM Boiayx. 3to yBejiHHH.io HanpjiweHHe T e- 
weHHfl MaTepwajia b cTynnue h b npoKaTaHHofi Macro nojioTHa zwcKa. B pesyjibTaTe Ha- 
rpy 3 Ka co CTopoHbi HHcrpyMeHTa crrana MeHbuie no flonycTHMofi BejiHMHHbi - Hanpa- 
>Ke H H* reqeHHH Marepwajia b crynHue. B cbok> owepeab 3TO npHsejio k npeKpaiueHHK) 
HaMeTHBiueficjj TeH^eHUHH b yMeHbuieHHH tojiiuhhw nojioTHa b npoKaTaHHofi wacro 
AHCKa h b CTynHue. ^ajiee npoKaTKy ot tohkh A no tohkh B H3o6pa5Ke H Hbix H a npo- 

(})HJie SarOTOBKH Ha <j>Hr. 26 npOBO/JHJIH C paBHOHSMeHJUOUUlMHC* BejIHHHHaMH o6>Ka- 
thhmh saroTOBKH bccmh pojiHKaMH (my6HHa BHeflpeHHfl pOJIHKOB B 3arOTOBKy) H c 

paBHO H3MeHHK>mHMHCJI CKOpOCTflMH nepeMemeHHH. n P H 3TOM TOJimHHbl HOJlOTHa 

VMeHbuiajiacb ( sa cner 6ojibwefi rjiy6HHbi BHeapeHHa P ojihkob ), a CKopocrb yBejiHHH- 
Bajiacb nocKonbKy no Mepe pach-aTKH yMeHbiuajica cflBHraeMbifi o6T>e M 3aroTOBKH h 
mohcho 6biJio 6e 3 y B ejiHHeHHn HarpysKH cBb.we aonycTHMbix bcjihhhh H3Me H HTb y K a- 
saHHb.e napaMerpw. HaeHTHHHb.e nnn Bcex Hak/ioHHbix pojihkob H3MeHeHH3 repMOMe- 
xaHHnecKHx ycjioBHH ae^opMaunn ( paBHoe pacTOHHHe pacnojiOMceHHe h pojihkob ot 
och zieTajiH , paeHoe o6*aTHe . cor.iacoBaHne yrjioBbix coKpocren saroroBKH c P ojih- 

K3MH, paBeHCTBO MOMeHTOB OT HarpV3KH &,* K3>K/JOH napw pOJIHKOB) 3arOTOBKH Ha 

3tom ywacTKe npoKaTKH o6ecncmiBajin ypaBHOBewHBaHHe ycmiHH npoKaTKH h momch- 
tob ot hhx, mto b cboio onepeab oGecnen iisajio *opMH P OBaHHe npo(})HJi» W cica b co- 
OTBercTBHH c Mep-rcsKOM. flajiee npok-aTKa ot tohkh B no tohkh T sejiacb co CMemeHH- 
eM b pawantHOM HanpaBJiemui BcpxHero pojiHKa no OTHomeHHio k HHJKHeiviy (Omi\ 
2b). n P H 3tom BepxH.ifi pojiiiK nepcMemajicii OAHOBpeMeHHo b pazwajibHOM H OCeBOM 
HanpaB/ieHHHx (no OTHoiueHHto k 3aroTOBKe) t3k,hto ero 4>o P Moo6pa3yiomaj. no B epx- 
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HOCTb cc})opMHpoBajia rpe6eHb (<l>Hr.2r), npHHeM Ha 3aKJiK>HHTejibHOH cra^HH c{)opMH- 
poBaHMJi rpe6HH c ue/ibio nozibeMa ero BbicoTbi h yMeHbiueHMH npnnycna M3MeHfljiM Ha- 
npaBJieHHe £BH>KeHHfl pojiHKa ot ueHTpa Ha npoTMBonojiowHoe k ueHTpy. HanHHaa c 
3Toro ywacTKa T.e. c tohkh B h ,ao tomkh E pacnaTKa wcKa Bejiacb noaiowHo pojiHKaMH 
6,7 h 8,9. Ha ynacTKe JX - E pacnaTKa Bejiacb TpeMJi pojiHKaMH co CKopocTb /xe^dpNia- 
uhm Sjihkoh k 10 1 c" 1 npn 3tom Harpy3Ka co crropoHbi pojiHKa, (|)opMHpyK)mero BHeuj- 
hk>io noBepxHOCTb o6o,na, He npeBbiuiajia Harpy3Ky HaKJioHHbix pojihkob, cfropMHpyio- 
luhx BHyTpeHHKDK) noBepxHOCTb o6ozia (ct>Hr.2e). B pe3yjibTaTe 6biJia nojiyneHa pa3BH- 
Taa noBepxHOCTb o6ofla T.e. b jx&hhom cjiynae c BbicoTofi, npeBocxoflamew cootbct- 
cTByiomHH pa3Mep y hcxoahoh 3aroTOBKH. 

Ba>KHo OTMeTMTb, BejiHHHHbi Harpy30K ( yAejibHbie ycHJiHM npH pacnaTKe, a TaK- 
>Ke Hanpfl>KeHH5i b 3aroTOBKe) onpejiejiHJiH pacneTHbiM mctoaom c noMombio 3BM 
bboah b Hee naHHbie no M3MepeHHK> ycHUHfi pacKaTKH , nojio>KeHHH h ckopocth nepe- 
MemeHHJi HHCTpyMeHTa m 3aroT0BKM, pa3Mepbi HHCTpyMeHTa, 3aroTOBKH, a TaioKe peo- 
jiornnecKHx cbohctb MaTepna/ia 3aroTOBKH b ycnoBHflx flec})opMauHH. PacneTHbie 3Ha- 
MeHHH KOMnbioTep cpaBHHBan c aonycTHMbiMH h npn Heo6xo,aHMOCTH KoppeKTHpoBaji 
pa/iOM npneMOB: H3MeHeHHeM Be/iHHHHbi cMemeHHJi pojihkob no HanpaB^eHMio Bpauie- 
hhh oTHocHTejibHO nojio>KeHHH npn KOTopo.M hx och pacnojiorajiHCb b njrocKOCTH npo- 
xoziflLueH nepe3 ocb BpameHH* 3aroTOBKH. /JonycTHMbie BejiHHHHbi yaejibHbix ycHjinw h 
Hanpa>KeHHH onpenejiajiH 3KcnepHMeHTajibHO npn npoKaTKe KOHTpojibHoro flHCKa ny- 
TeM H3MepeHHfl h KoppexTMpoBKH ero pa3MepoB b cooTBeTCTBMH c wepTOKOM b npouec- 
ce npoKaTKH. 

npHMep 2. npon3BOAHJiacb npoKaTKa 3aroTOBKH H3 HHKejieBoro cnjiaBa 3FI962 

C HCXOAHOH MeJlK03epHMCTOH CTpyKTypOH. CKOpOCTb /XeC^OpMaUHH COCTaBJIUJia ~ 10' 3 

c" 1 , ^ec})opMauHK) Ha nepBOM 3Tane ocymecTBJiflJiH npw TeMnepaType 1075°C jio nojiy- 
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HeHHJ) no,y4,a6pHKaTa c Hapy>KHbiM A„a M erpoM , paBHbiM 0.8 OKOHHare^Horo ana- 
Merpa wok*. 3areM reMneparypy b newH AHCKopacKarnoro ycrpoficTBa noBbima™ no 
reMneparypB, . I70°C( Ha 20° C BB.we reMneparypb, ncmoro pacTBopeHmi y '-cJ>a3a> „ 
-buiq^cHsajiH b renege 1 Mac! ^ee npoBo^H oxna*aeHHe c nepe.MeH.HOH cko- 
P octbk> , o6ecneHHBaK>u i eH npupocr Ko^necrBa /-4>a 3 b,, H3MeHHKHUHHc„ b HHrepBa- 
Jie 26-17% / nac. *o reMneparypb, aecj>op M a U HH. ^ecDopMai,™ coBMema™ c ox^a^e- 
HHe M c reMneparypb, oTttnra nyreM cHHaceHna cko P octh ae(J)opMauHH no I0< c ' b Ha- 
HajibHbifi MOMenx oxjia^Hn c noceayrcmuM yBe^weHHeM cko P octh ^opMaunw 
no 3a*a„Hofi k KOHuy ox^eHH*. Ha bto P om arane npccarKy no^oxHa h o6o^a mc- 
Ka BejiH npn TeMnepaType Ha 1 100+20°C. 

TeMneparypa crynHWHofi wacrH b renege Bcero uwcna o6pa6o T KH n OA aep>Kn- 
Ba^acb HH*e reMneparypb, CBepxnuacTHWHocTH nyreM npHHynHTe^Horo oxjia-weHH, 
wepes nHHOJiH. Ooce npoKaxKM ocymecrwi^H Te P Mooo6pa6oTKy mtX a 3aKajiKofi 
HenocpeacxBeHHo c reMneparypb, net>o PMaw „ c noc^e^HM crapeHHeM. B pe3y„b- 
rare T3kom o6pa6oTK„ pojiywa*,, per/iaMeHTHpoBaHHyio crpyxrypy b W ckc : b crynn- 
ue - Mmcpoflynj.eKCHyK), n P o,B^K>myK> bb.cokhh komh^kc MexaHHwecKHx cbohctb 
n P M othochtcabho hh3khx reMneparypax 3Kcn^yaTauMH, b no^oTHe CMewaHHyrc ( 
m e/i k o 3 ep h h cry to c K P ynH03e P H,,CTOfi ) TMna " o*epe„be ornHHawmywo, bwcokhm 
KOMn/ieKco m MexaHHwecKHx cboHctb np„ yMepeHHb.x reMneparypax HarpeBa arofi 
MacTH flHC Ka n P M 3Kcn„yarauHH „. HaKOHeu, b o6oae Kpyn„03e P HHcryK> - Scuiee >Kapo- 
npo 4 Hy,o, no cpaBHeHHK, c Bb.we nepeMMc,eHHb,MH npn noBb.weHHb.x reMneparypax 
HarpeBa o6o^a (ra6n\ma I ). 

TaKHM oepaaoM. ysMTWBaa HeoaHopoaHbiH HarpeB wan npw 3Kcro.ya™«H„. 
npe^araeMb,H cnoco6 ooecneMMBaer *o P MHpoBaHHe b He M per.aMeHrnpoBaHHo h 3 - 
Me HW u,e«« crpyK-rypb,, oeccncmBa^efl a^KBarwoe H3MeHeHHK> reMneparypno- 
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ro nojia H3MeHCHHC KOMnjieKca MexaHWHecKwx cbohctb. Bhcujhhm bha pacKaTaHHoro 
AMCKa npuBeaeH Ha cjwr. 6. 

ripHMep 3. npoH3BojiHJiacb npOKaTKa AByMfl napaMH pojihkob 3JiJiHnTHMecKOM 
o6ojio4kh H3 THTaHOBoro cruiaBa BT9 c MejiK03epHHCTOH crpyKTypofi 6jih3koh k 
HaHOKpHCTajijiHMecKofl (Onr.3). CKopocTb aec})opMauMH Bbi6Hpajiacb 6jih3koh k 10° 
c' 1 b Hanajie packaTKH h 10 2 c" 1 . Ha (fcmrJa noKa3aHa HcxoflHaa no3HUH5i pojihkob h 
3aroTOBKM nepea npoKaTKOH. OopMHpOBaHHe 3a^aHHoro npoc})HJifl 3aroTOBKH npoH3- 
boahjih nyTeM nocjienoBaTejibHoro CMemeHHH ee ueHTpajibHOH nacTH (crynHUbi) noa 
ZjeMCTBHeM nHHOJiefi Ha BCJiHMHHy paBHyio crpejie nporn6a 5 3T0H nacTH OTHOCHTejibHo 

HcxoiiHOH njiocKOCTH npOKaTKH o6ojiomkm 6e3 noBopoTa pojihkob (Onr.36), h c noBo- 
Potom pojiHKOB(OHr.3B). B pe3yjibTaTe npoKaTKH 6biJia nojiyneHa .aeTajib 3a#aHHoro 
npocjwjia (cJ)Hr. 7) c oahopohhoh MejiK03epHHCT0H CTpyKTypOH no BCeMy CeHeHHK). 

llpHMep 4. ripoHSBOZlMJiacb npoKaTKa jxsyMx napaMH pojihkob, yroji MOKjxy ko- 
TopbiMH H3MeHHjicji b npenejiax ot 0 no n I 2 KOM6HHHpoBaHHOH AeTajiH THna amck- 

Bajr H3 >K*aponpoMHOH aycTeHHTHOH CTajiM c nncnepcHOHHbiM ynpoMHeHHeM . B hcxoa- 

HOM COCTOflHHH CTpVKTypa CTajlH OblJia MejlK03epHHCTaK. B CO OTB eTCTB H H C (})Hr. 4 CHa- 

Majia coBMecTHO, ho nocjiofiHO Bee pojihkh npoKSTajiH MacTb noJiOTHa ;mcKa (C>Hr.4a). 
3aTeM Koraa okojio cry n m m h o m Macru ;xeTa;in oopa30Bajiocb ziocTaTOWHO zuih noflBO^a 
Pojihkob npocTpaHCTBa, ziBa H3 hhx (8,9) 6b!Jin noBepHyTbi Ha yroji 6jih3khh k 75 ° 
(cpnr.46), h c noMombfo onpaBKM 22 npoKaTbiBajin Baji jxerajivi. Ylpv\ 3tom 3aBepiua- 
Jiacb npoKaTKa jiHUJb TpeMfl pomiKaMH nocKOJibKy hh>khhh KOHeq Bajia BCJie^CTBHe He- 
6oJibiuoH ero /uiHHbi 6bi.i npowaTan paHbuie BepxHero (ct>Hr.4B). FIpoKaTKa apyrofi 
KOM6HHHpoBaHOH neTajin c onHocTopoHHHM pacnojio>KeHHe Bajia npoH3BO,aHJiacb aHa- 
JiornwHo paccMOTpeHHofi , ho c vwacTHeM Tpex pojihkob, OflHH H3 KOTOpblX c})opMHpo- 
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Baji Baji uersjia (cj)Hr\8). 

OpMMep 5. npoHMownaci. npoKaxKa MCKa H3 aaroroBKH HHKejieBoro cn^aea 
3H975 ( Apyroe o6o3HaneHHe cn*a B a >KC6yfl) c hcxoahoh M&fiK03epHHcxoM cxpyK- 
rypofi. B KanecTBe HHCxpyMenxa - poj1 hkob HcnonwoBMH chjihb 3KC6V b jihxom co- 
CTO.HMH. CKopocTB^opMauHH b Hanajie npoKaTKH copTOBjiHJia — loV , a B KOH- 
ue ~ 10-' c' , cpwHM xewnepaxypa b 3 OHe aecpopwauHH 6b IJia ~ 1 145° C Bpewa 
npoKaTKH WCKa cocraB^o 2 saca. B 3xhx ycoBnax cpe^ „arpy3Ka HHCxpy M eHxa 
Ha aexa^b, cocxaB,™ oko.o 150 MOA, a MaxcHMajibHwe KOHxaKXHbie nanp^eHH, 
noMTH B flB a pa 3 a npcB-maim conpoxHB.neHHe a e*o P MauHH, noKasHBacoe o6pa 3 ua- 
mh cn,a B a 3CC6Y np„ ncnuxaHHax na juuo^n^ npownocxb . xenenne B pe M eHH „ 
n P H reMnepaxype cooTBeTCTBeHHo paBHbiMH BpeMeHH „ xeMnepaxype npoKaxKH. Te M 
ne Me H ee 3a M exHOH «+o pM a« H „ „ H3Hoca HHcxpyMena noce npoKaxKH ancKa o6 H a- 
pyrao ne 6m . Cxohkocxb HHcxpvMeHxa o6ecnewHBa»acb ero <„opmoh . aKpaHHpoBa- 
HHeM ox neperpe B a h otboaom xen.ia. 

toee npuBeneHbi n P HMcp U ocyu,ecTB.ncH M cnoco6a no*roxoBKH MHKpocxpyK- 
rypb, b saroroBKax „ npoKaxKH ,n hmx aera^cM c perjiaMeHXHpoBaHHofi cxpyKxypofi „ 



CBOHCTBaMH. 



B KanecxBe Mcxoanoro MarcpMa^a M , ocyutec™,^ cnoco6a Hcno^OBa^ 
^OHH^eBbnl cn.a B x„na F, - 25Ni - ,5Cr - 2Ti - ,.5 Mn -1.3Mo ( A-286). KpoMe 
roro npHMeHjjjincb „„ KMe8we cn , aBbI 3M698 3n%2 h ^ 

XHMHWeCKHH COCXaB „ CO*p MUI , le pa3HO e KO.^eCXBO y'-^b, OX 24 *> 550/o. B H0XO4- 

hom cocxohhhh yic . MIIHhle ^ np ^ m co6oh 3 aroxoBKH ,Ha M expoM 150- 
200 mm, no„yweHHb,c ,„ ox,wbok noce ^p«a U „„ no xpa WU HOHHOH xexHo.ornn 
npecco B aHH« huh rop^r, kobk„ ( 3H698, .3H975 , A-286 , 317962 - Bapnanx 1), a 
raK.e ox.HBKy „ BnpoM 380 (cn „ aB 3n 962 , 2 BapHaHT) , nojiyiJeHHbie m ^ om 
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BaKyyMHo-HHAyKUHOHHOM ruiaBKH m noaneayiomero 3JieKTpoHHO-jiyMeBoro nepeanaBa. 
Flepea flecjjopMauHefi otjihbkh h3 cruiaBa 311962 nojiBeprajiH roMoreHM3aunoHHOMy 
OT>KHry npM TeMnepaType 1180°C b TeneHne 4 nac. h nocjieayjomeMy oxjia>Kj^eHHK) c 
nem>K> co CKopocTbio 5-10 % / Mac. jxo 870°C aajiee Ha B03,ayxe. B pe3yjibTaTe TepMOo6- 
paGoTKM b KpynH03epHHCTOM MaTpwue (y- 4>a3e) pa3MepoM 150 mkm Bbmejimracb ahc- 
nepcHaa y'-(j)a3bi (0,5 mkm). 3aroTOBKH H3 cnjiaBOB 3H698,3n962 (BapHaHT I) h 3FI975 
TaK>Ke noABepra^M reTeporeHH3HpyioineMy OT>KHry c HarpeBOM Ha 20-50°C Bbiiue TeM- 
nepaTypbi ncxriHoro pacTBopeHMJi y'-(J)a3bi , Bbmep>KKOH b TeneHne 2-4 nac h nocjieayio 
lumm Me/uieHHbiM ox:na>K,aeHHeM jxo 700-800°C. B pe3yjibTaTe reTeporeHH3Hpyiomero 
ox>KHra b cruiaBax ccfiopMHpoBajiacb OflHopoflHaa KpynH03epHHCTa$i crpyKTypa c pa3- 
MepoM 3epeH 50-150 mkm , BHyTpH KOTopbix roMoreHHO Bbi^ejiHJiocb MaKCHMajibHoe 
KOJiHHecTBO CKoaryjinpoBaHHofi y'-<})a3bi . 

KoHTpojib pa3MepoB y h y'-(f>a3bi h 06'beMHOH jxomi nocjie/meH ocymecTBJifljica 

MCTOHaMH KOJIHMeCTBCHHOM MeTa^J10rpa(J)HH.XlJlS HHKeJieBblX CrUiaBOB C pa3JlHWHbIM 
XHMHHeCKHM COCTaBOM Vi KOJlHMeCTBOM ynpOHHHK>mefi y'-(})a3bl 6bIJlH nOCTpOeHbl 3MI1H- 

pMMecKHe 3aBncu moctm pa3Mepa h KOJiHMecTBa y'-c})a3bi ot TeMnepaTypbi HarpeBa , 
BpeMCHM Bbiiiep>KKn , CKopocTH ox;ia>K;ieHHfl h cKopocTH ,ae(})opMauHH. nojiyneHHbie 

33BHCH MOCTM ObLIU HCnOJl b30BU H bl npM Bbl6ope KOHKpeTHblX TCXHOJIOrMHeCKHX pe>KH- 

mob o5pa6oTKM. 

KoHKpeTHbie 3HaMeHHJi KoocfxjnmneHTOB Kt, Ku m jxp. 6biJiH onpeae/ieHbi Ha 
ocHOBaHMH CHCTeMaTHMecKMx 3Kcnepn MeHTajibHbix AaHHbix , nojiyneHHbix Ha pa3JiHH- 
Hbix cn^aBax b iiinpoKOM TeMnepaTypHO-CKopocTHOM HHTepBajie ffTO. 

C uejibK) no/iyneHHH mc.i KoiepHHCTOH crpyKTypbi 3aroTOBKH H3 cruiaBOB noA- 
BeprajiH iiecj)opMaunoHHo-TepMHMecKofi o6pa6oTKe no pa3/THMHbiM pokhmbm, npHBe- 
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aeHHbi.M b aneayiomHx npHMepax. 

OpMMep 6. reTeporeHH3H P oBaHH yi o OTJiHBKy m cnna*a 3H962 (BapnaHx 2) no*- 
sepra.™ ^opMauHOHHo-repMHHecKOH o6pa6oTKe c ncmanm-M cHnx<eHneM xeMnepa- 
Ty PbI aecDopMauHH c 1125 ao 1040°C, h noc^opMauHOHHB.x ox>KwroB cooxBex- 
CTBeHHo c 1 100 ao .030 °C. Ha nepBofi Cra^n ox.HBKy A„a MeT p OM 380 mm npeccoBa- 
JiH n P H xewnepaxype 1 125°C , np H koto P oh b cn„a Be co^aoiocb 10 % y ao 
AHaMerpa 200 mm, hxo cooxBexcxBOBajio H3MeHeHHK) HaiajikHOH nnouuwn nonepen- 
Horo ceweHH* Kpaxno 3,6. to ee npeccoBaHHyK, saroxoBKy ocmchbuh wa npecce ycn- 
JiHeM 1 600 tc 3a tph era*™ b H3oxepMHwec.coM mxaMnoBOM 6no Ke b HHrepBa.e xe M ne- 
paxyp ,100-1040 *C.n P „ 3 TOM mtKHeme cxenenn ^opMaunn npn nepexo^e ox <*. 
hoh era*™ ocazrKM k nocn^mcfi Kpaxno H3MeHeHwo mouw * nonepeHHoro cewe- 
hh* H a npcwymea cxa*HH cooxBexcxBeHHo 1,3 ; 1,5 „ 2,5. Co c„H*eHHeM xe M nepaxy- 

PW OX>KHr a BpeMH BMflepKKH BMOHpa^OC. B COOXBeXCXBHH C ^OOMy^OH (4) , W 

K T =18, h cocxaBH.0 4-8 wac.n P „ nocxa^HHOM chh*ch„„ xeMnepaxypu o6pa6oxKH c 
1 100 M 1025-C na kh^oh cxa^HM, BKJiioHaioineM ^opMauHK, „ no M e„ii ox- 
*Hr npwpocx KOJiHwecxBa cocxaB,™ 6-8 %. Ooce o6pa6oxKH no Bbi6paHHOMy 

pOKHMy npaKTHHeCKH BO BCCM o6,CMe ^OpMHOOBaHHOH 33rOXOBKH 6bU ia C^OpMHpO- 

sana o,Hopo,Ha« Me„K03e pHl ,cxa* cxpyKxypa MHKpoayn^KCHoro xnna c pa 3Me poM 
3e P e H y- „ y.^ cooxBexcxBeHHo 2,5 „ U mkm „ oG^mhoh none* nocked 31% 

(Ohi\9). 

n P „„ep 7. rop»Henp e ccoB i ,„„ t ,e 3aroTOBKH «3 cn„aBa 3H698 A»a M erpo M 150 

" " AC ° T °* 2X ATO c nocr M „ fi „ tlM ( 3a 2 „ aam) mmK 

TCMneparyp., o6pa6o TK „ c 975 , , 2% , ao ^ . c CTe „ eHb M , „ 

noc^e,. 2 cr ai „„ ta. 3K B „ B a,e„ T „a crene„„ M^umn . Kpa T „ oi) m „e„e- 



hhio ruiomaflH nonepeMHoro ceneHMfl cooTBeTCTBeHHO hcxoahoh h Ha npeAbiaymeH (1) 
crraflHH , T.e. Fn/Fnp = 2,5 w 2. nocjieAe(})opMauHOHHbie otjkhth npoBOAHjiw npH TeMne- 
paType 930 h 900° b TeneHHe 2-3 Mac. BpeMH oT>KHra 6biJio pacwHTaHo no 4)opMyjie ( 4) t 

npH 3TOM K034)(})HUHeHT K T COCTaBHJl 15. IlpHpOCT KOJIMHeCTBa y'-(j)a3bl Ha Ka>KJK>H 

crraziMH cocraBHJi 5 h 2%. riocjie j^TO b 3aroTOBKe anaMeTpoM 340 mm h BbicoTOH 50 
mm 6biJia c(|)opMHpoBaHa m HKpoziy n jieKCHaa crpyKTypa c pa3MepoM 3epeH y- h y'-4)a3 
cooTBeTCTBeHHo3,5 h 1,1 mkm h o6i»eMHOM Aoneu nocJieAHew 19% (Ohi\ 10). 

FIpHMep 8. TopjiHenpeccoBaHHbie 3aroTOBKH H3 cnjiaBa 3FI975 AHaMeTpoM 150 
mm h BbicoTOH 300 mm noziBeprajiHCb ^TO c nocraflHHHbiM (3a 4 cra^HH) chh^kchhcm 
TeMnepaTypbi o6pa6oTKH c 1150 (17% y'-<j)a3bi ) jxo 1025 °C. RTO Ha 1 h 2 cra^HM 
ocymecrBJiajiacb c pa3BopoTOM HanpaBJieHH* oca^KH Ha 45-90°, npHHeM cyMMapHaa 
CTeneHb ,ae(})opMauHH Ha nocneayiomeH cra/iHH 6biJia 3KBHBajieHTHa creneHH nefyop- 
MauHH , KpaTHOH H3MeHeHHK> njioma^H nonepeMHoro ceMeHHfl Ha npeflbiaymefi cra^HM 
He 6onee neM b 3,9 pa3. TeMnepaTypa OT^KHra Bbi6Hpajiacb b HHTepBajie ot TeMnepaTy- 
pbi , paBHOH TeMnepaType Aec})opMauHH , ho He HH>Ke neM Ha 50°C, npH 3TOM npHpocr 
KOJiHHecTBa y'-cj)a3bi Ha Ka>icaoH craOTH cocraBJiaji MeHee 10%. BpeMfl BbiaepacKH 
pacHHTaHHoe no 4)opMyne ( 4 ) cocraBHJio 6-24 Mac npn 3TOM K03(})<})HUHeHT K T 6biJi 
paBeH 30. riocne J\TO b HHTepBajie TeMnepaTyp 1150-1080°C 6biJia nonyweHa MHKpo- 
AynjieKCHafl crpyKTypa c pa3MepoM 3epeH y- h y'-(J)a3 cooTBeTCTBeHHO 4,7 h 2,6 mkm h 
o6*beMHOH AOJiew nocjieAHefi 32%. flajibHenwee cHH>KeHHe TeMnepaTypbi o6pa6oTKH jxo 
1060-1025°C npHBe.no k flonojiHHTejibHOMy BbmejieHHio y'-(J)a3bi h H3MejibMeHHK> CTpyK- 
Typbi. CTeneHbio aecJ)opMauHH Ha 3 h 4 cra/inn, 6biJia 3KBHBajieHTHa creneHH flecJ)op- 
MauHH , KpaTHOH H3MeHeHHK> njiomaiiH nonepeMHoro ceneHHK cooTBeTCTBeHHO F n /F np 
=2 h 2,5. B pe3yjibTaTe o6pa6oTKH b HHTepBajie TeMnepaTyp 1060-1025°C 6biJia nojiy- 



wewa MHKpoayrmeKCHaa crpyKrypa c pasMepoM 3e P e H y- h y'-<pa3 coorBercrBeHHo 3 h 
2,2 mkm h o6-beMHOH aojieH nocjieaHeii 45% (Owr. 1 1 ). 

OpHMep 9. 3aroTOBKH hs cnmsa A-286 AHa M erpoM 150 mm h bb.cotoh 250 mm, 
no^Bepra^c flTO c nocraaHHHb.M ( 3 a 4 cra^HH) CHHaceHneM reMneparyp* o6 pa6or- 
kh c 1000 ( Bbiuje TeMneparypbi noiiHoro pacraopeHHa y'-^b! ) AO 825-°C. flTO Ha 1 m 
2 craiXHH ocymecTB^Hnacb c paaBoporoM HanpaBjieHH* oca*™ «a 45-90°, npHweM cy M - 
Ma P Ha« creneHb ^opMauHH H a no C j,eAy,omeH cra^HH 6buia 3KBHBajieHTHa creneHH 
Ae<po P MauHH , KpaTHofi HaMeneHH.o n« H nonepeHHoro ceneHH* H a npe^ymeH 
cra*HH He 6onee new b 3,9 paa.noc^e^TO b HHTepBajie reMneparyp 1000-900°C 6b,na 
ccDopMHpoBaHa MejiK03epHHCTaji crpyKrypa c pa3 M e P OM 3 epeH y- cj^b, 4,2 mkm. £ e . 
*op M auHK) Ha 3 h 4 cra^x npoBOAHJiH npw rewneparypax „o 850 h 830°C , Koraa b 
cn^aBe A-286 npncyrcrByer 6o*ee 7% bto P mx *aa ( y h t, - *a 3 ) co creneHbK, * e( pop- 
MauHH, Ko-ropa* 6b„ia SKBHBa^eHTHa creneHH ^opMaqHH , KpaTHofi H3MeHeHHio 
nnouia/ui nonepeHHoro ceweHH* cooTBercrBeHHo F n /F np =2 h 2,5. nociieaeepopMauHOH- 
Hbie oTJKHrH ocymecTBJiHjiH npn reMneparypax 840 h 820°C b reneHHe 1-1,5 H ac, npn 
3tom b pacnere B P e M eHH Bb.aep*™ no <po pM y,ie (4) npHHHMajicji SMnHpHwecKHH K03<p- 
4)HUHe H T K T =12. B P e 3 y^TaTe £TO b HHxepBajre reMneparyp 850-800°C 6b^a ccfrop- 
MHpoBaHa Me^-o3epHMcraH crpyKrypa c pa3 MepoM 3 epe H Marpnub, 2,7 mkm h Bropwx 
<pa 3 0,9 mkm, npn ooteMHofi none noc^HHx 1 1 %. OpHpocr KojiHHecTBa /-,pa3b, npn 
o6 P a6or K e npn reMneparype „ HJK e reMneparypb, no^Horo pacrBopeHH* /-<J>a3 cocraB- 
nan 1-2% (Onr. 12). 

OpHMep 10. ropaHenpeccoBaHHVK) 3aroroBKy H3 cnuaBa 3H962, wroroBJieH- 
nyto no BapHaHry 1 , aecpopMHpoBam. b HHrepBa/ie reMneparyp 1 100 -I025°C 3 a 3 cra- 
ahh. Ha nepBofi cra^m, 3 aroroBKy aecfropMnpoBa™ npn rewneparype 1 100°C co cko- 



47 




pocTbio 10 2 c* 1 Ha creneHb ,ae(J)opMauHH , KpaTHyio 2 H3MeHeHHK> HanajibHOH njiomaan 
nonepenHoro ceneHHH, 3aTeM CKopocrb flecj)opMai4HH yMeHbiuajin b cootbctctbhh c 
4)opMyjiofl (5) ro 4,5* 10 3 c 1 m ,aec|)opMHpoBajiH ro KOHua craAHH ,T.e. ro Be/iHHHHbi 
ztec{)opMauHH KpaTHofi 3HaMeHHio 2,5. npM 3tom TeMnepaTypy Ae<f>opMai4HH CHH>KajiH 
ro 1075°C. BTopyio craflHK) ocymecTBJiaJiH b HHTepBajie TeMnepaTyp 1075-1050°C co 

CTeneHb fle(})OpMaUHH 3KBHBaJieHTHOH H3MeHeHMK) BeJIHMHHbl F n /Fnp=2,0. B KOHUe BTO- 

pow craj^HH npn bcjihhhhc F n /F n p=l,5 CKopocTb necj)opMauHH yMeHbiuajiH b c oot- 

BeTCTBMH C (})OpMyJIOH(5), npH 3TOM K03<f>(J)HUHeHT K a =0,5 , RO BeJIHHHHbl !• I0* 3 C" 1 H 

,ae(})opMHpoBajiH ro KOHua crra^HH. TpeTbio cra^Hio b HHTepBajie TeMnepaTyp 1050- 
1025°C ro BejiHHHHbi F n /F np =l,5 ocymecTBJiajiH co CKopocrbK) 2» 10' 3 c _I , h Aa/iee CHH- 
>KajiH CKopocTb ,aec|)opMauHH ro 0,8 • 10 3 c-' h Ae^opMHpoBajiH ro kohcmhoh creneHH 

,Ue(})OpMaUHH (Fn/F np =2,0). PaCCMOTpeHHblH BapHaHT HBJIHeTCH BeCbMa 3(J)(J>eKTHBHbI M , 

nocKOJibKy no3BOJi5ieT nojiyHHTb 3aroTOBKy c MejiK03epHHCTOH CTpyKTypofi( 2-5 mkm) 
3a orhh HenpepbiBHbiw TexHOJiorHMecKHH uhkjt Aec})opMauHH , TenepaTypHO- 

CKOpOCTHOH pe>KHM KOTOpOTO CTpOTO KOHTpOJIHpyeTCfl. 

ripHMep 1 1. JlHTyK) 3aroTOBKy H3 cnjiaBa 311962 nocjie roMoreHH3auHM aec^op- 
MMpyioT b HHTepBajie TeMnepaTyp 1 180- 1 120°C c nocraAHHHbiM cHH>KeHHeM TeMnepa- 
Typbi >aec})opMaunM. Ha nepBoft crra/uin 3aroTOBKy zie(J)opMHpyK) b HHTepBajie TeMnepa- 
Typ 1 1 80- 1 1 50°C h ^ec{)opMHpyH3T co CKopocrbK) 10 2 c 1 . 3aroTOBKy Aec})opMHpyio c 
noBopoTOM HanpaBJieHHJi nec})opMaunH Ha 45-90° c cyMMapHOH creneHbio /jecfcopMauHH, 
3KBHBajieHTHOH F n /F n p= 3,5. BTopyto crraiiHK) iiec{)opMauHH b HHTepBajie TeMnepaTyp 
1 150-1 120°C ocymecTBJiflKrr co HaMajibHofi CKopocrbK) CKopocrrbio 4» 10 -3 cK Cko- 
pocrrb jie(J)opMauHn peryjinpyfOT no (})opMyjie (6), npn 3TOM K03(})(})HUHeHT K$ =0,5 . 
PeryjinpoBaHHe ckopocth aec^opMauHH Ha Ka>*caoH era/inn b 3aBHCHMOCTH ot H3MeHe- 
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hh* xeMnepaxypb, hosbo.h.o cyuzecrBewHo H3Me,bWHTb hcxoahuh pa3 Mep 3epe H co 
150 no 20-30 mkm, h HCKJiioHHTb pa3BHTne pa3H03epHHCT0CTH. flai.ee flTO b my ^ a3 . 
hoh oCtoc™. n P „ co^aHMH y ^ 6o.ee 1% npOBOflHJ1H nQ ^ 
zichhum b npHMepe 6. B P e3y„bxaxe flTO b Aec|>o P MH P OBaHHOH 3aroxoB.ce 6una c<pop- 
MHpoBaHa MHKpo^iynjieKCHaa cxpyKxypa, aHajrorHHHaa khk b npHMepe 6. 

HpHMep 12. 06pa6oTKa no 3xo M y Bapnanxy npe^araex npoBezzeHHe flTO 
3aroTOBKH b Ten,oH3o,H P y I o I ueM KOHxefiHepe. B KawecxBe Maxepna^a KOHxennepa b«- 
6pa H a cxa^b .2X18H.0T, HMMIM . Hcno^yeMOM xe M nepaxyp H o-cKo P ocxHOM P e- 
* HM e fl e*o pM auHH Hanp™ xeneHH* b 2-4 pa3 a MeHbmee , neM Hanp^eHHe xene- 
hh« K P ynH03e P HHCToro cn,a B a 3FI962. Ten^npoBaHHyK, 3 aroroBKy noMeu^w b 

KOHTCHHep H «*OpMHpOB«H HX COBMCCTHO. T^O^py^ o6o,OWK a) OOMe- 

ukhhu Me^y 3 aroTOBKofi „ KOHTennepoM, n P e, CT aB^a co6oh npoK^Ky , cocxo*- 
my, h 3 CTeKjioTKaH h „ Ten,oH3o, 5I uHOHHoro Maxepnana xnna Kao^HOBa, B axa 
(Onr.5). Bepxnee „ „H*Hee ochob3hhjj KOHxennepa H3roxoBJiHB3JiH ooc»b„ um „ H3 xoh 
*e cxa,H c npoMOK-yxowHB.M cnoe* croc™.™ (3BT10+3BT24). Mo^nHpoaaHHc 
TexHojiorHnecKoro npouecca *e*op M auHH 3aroTOBOK b KOHxennepax . pa3Hb,x koh- 

CTpyKUHH H H3rOTOBJieHHblX C np^MCHeHMCM pa3,HWH bI X MeTajIJIHHeCKHX „ xen,OH3o- 

li-UHOHHux M.™p„„o. Maxepuanos, no3ao,„„o ycxa„OB„xb onxHMajibHbifi HHxe P Baji 

3H34eHMH K03^, UHeHTa Km (4 . 8) C yweTOM KOHCX.yKUHOHHb.X oco6e„HOCxeH KOH- 

xeHHepa n P H M e H «eMoro a .hhom „p„ Mepe . ..cno^yeMoro Maxep^a KonxeHHepa „ 
Ten,oH3o„u„o„H bI x MnepmjWB no a» pMyjle (8) 6b„a pacw„xa„a onxHMa,b„aa 
To^„„ a KOHxeHHepa. Koxopa* cocra B „,a A= 10 mm np H 3HaweHHH K M =4. 

3aroxoBKH a Konxer.Hepe ..a^eaa.™ a nenn no xeMnepaxypb, ^o Pm „ 
saxeM oca>KHBajiM na oofiKax in cn*a.a 5XHM, narpexb.x no xeMnepaxypb, 350°C na 
npecce ycn.neM .600 xc 3 a xp„ cra.nn a HHxepaa,e xe M nepaxyp 1,00-1040 «>C. Hpn 



3TOM H3MeHeHne crreneHH ^ecJ)opMauHM npw nepexo^e ot oahoh crajiHH ocanKH k no- 
cjieflyiomeH KpaTHO H3MeHeHHio nnomaflM nonepenHoro ceHeHHJi Ha npeabiaymeii crra- 
ahh cooTBeTCTBeHHO 1 ,3 ; 1 ,5 h 2,5. ^e(J)opMauHK) Ha nepBOH CTa/iHH ocymecTBjiajiH co 
CKOpocTbK) lO ^c 1 , a Ha nocjieayiomHX cra^H^x cKopocrb Ae^opMaqHH Bbi6HpaJiH b 

COOTBCTCTBHH C (J)OpMyJIOH (6), npH 3TOM K03(})(})HUHeHT K^= 0,5 . Co CHH)KCHMCM TeM- 

nepaTypbi ohkhtq. BpeMfl Bbmep>KKH Bbi6Hpajiocb b cooTBeTCTBHH c (})opMyjiOH (4), rjxe 
K T =18 h cocTaBMJio 4-8 nacFIpH nocTaflHHHOM CHH>KeHHH TeMnepaTypbi o6pa6oTKH c 
1100 no 1025°C Ha Kaxcaon crranHH, BKJiiOHaiomeH ae(J)opMauHio h nocjieayjomHH ot- 
>KHr npHpocT KOJiHHecTBa y'-(J)a3bi cocraBjiHJi 6-8 %. Hcnojib30BaHHe TenjioH30JiHpyio- 
mero KOHTefmepa no3BOJiHJio nojiynHTb oca>KeHHyio 3aroTOBKy 6e3 TpemHH c mcjiko- 
3epHHCTOH CTpyKTypofi , aHajiorHMHofi KaK b npHMepe 6. 

Cnenytr OTMeTHTb, hto 6jiaroflapa Hcnojib30BaHHio njiacTHHHbix npoKJia^OK 
yuajiocb TaioKe npaKTHHecKH nojiHOCTb npopa6oTaTb npHTopueBbie 30Hbi 3aroTOBKH. B 
hmx npn o6biMHOH oca£Ke 6e3 KOHTeiiHepa o6pa3yiOTC5! 30Hbi 3aTpy£HeHHOH aecj)opMa- 
uhh, b KOTopbix Macro coxpaHaeTca HcxonHaa KpynH03epHHCTafl cnpyKTypa. 

TaKHM oopa30M , b pe3yjibTaTe o6pa6oTKH no pe^CHMaM, npHBe^eHHbiM b npn- 
Mepax 6-12 b 3aroTOBKax cc})opMHpoBaHbi MejiK03epHHCTbie coctohhhh, o6ecneHH- 

BatOIUHe no CpaBHeHHK) C MCXOUHblM KpynH03epHHCTbIM COCTOflHHCM npo5iBJieHHe 

CBepxnjiacTHHecKnx cbohctb ( cm. Ta6jiHuy 2). 

FIpHMep 13. TopHHenpeccoBaHHbie 3aroTOBKH H3 cnjiaBa 311962 /maMerpoM 200 
mm h BbicoTofi 350 mm, nojryMeHHbie no nepBOMy BapnaHTy, noABeprajiHCb JXTO c no- 
CTajdHHHbi m (3a 3 cranHM) cHM>KeH HeM TeMnepaTypbi o6pa6oTKH c 1 100 (17% y'-tya3h\ ) 
no 1060 °C. TeMnepaTypa OT/Kura Bbi6Hpajiacb b HHTepBajie ot TeMnepaTypbi , paBHOH 
TeMnepaType fle<J)opMaunM, ho He nnwe neM Ha 20°C, npn 3tom npnpocrr KOJiHHecTBa y'- 
c{)a3b! Ha Ka>KHOH cranHM cocrraBJiflJi MeHee 10%. flocjie J\TO b HHTepBajie TeMnepaTyp 



1 100-I060°C 6lu» nonyiem ocaHceHHaa 3 aroTOBKa ahhmcipom 400 mm no* npoKaxKy , 
b KOTopoii 6bu,a c4>opMHpo B aHa MHKpoAyn^KCHa„ cxpyKxypa c pa3 M epo M 3e P e H y- H 
Y - (J>a 3 cooTBercTBeHHO 5,5 h 2,5 mkm h oS^mhoh aojiefi nocjKyweB 26%. 
noiiyneHHyK) 3aroxo B Ky 3a*H M a J iH b U «npajibHoB / cxynHHHofi/ 3 o H e Bowyxooxjia*. 
aumumh nHHOJiJiMH. Hepe* pacKaxKofi npowaBo^H no^ew xeMnepaxypw newH OT c- 
KopacKarHoro ycxpoficxBa «, xe M nepaxy P b> o-nKHra b oaho^hoh y-o6;,acxH, Bb W p- 
5KHBajiH npn xeMnepaxype 1170+10-C b xeneHne 1 wac, nocn«y»n,ee owaawwHe c 
reMneparypb, oxtfnra *o xewnepaxypb, 950°C npoBczwjiH c nepeMeHHOH acopoc™, 
o6ecneMH B aK>meH npHpocr KOJiHHecxBa Y -fr3» , H 3M eH*K>mHHCH b HHxep B a*e 26-17% I 
■ nac. B pe 3 y;ibxaxe rexeporeH^npyjomero o-nKHra b 3 aroTOBKe 6«jia ccfropMHpoBaHa 
K P ynH03e P HHCTa fl cxpyKxypa c pa3 M e P OM 3 epeH Maxpnub, 165 mkm, BHyxpH Koxopux 
paBHOMepHo BHflenHJiaci, CKoaryKHpoBaHHa* y'-c^a pa3Mepo M 0,3-0,4 mkm. 3a T e M b 
newM ycraHHBJiHBMH xeMnepaxypy 1 100°C h noc^e nporpeBa 3aroTOBKH ocymecxB,,*™ 
npouecc iTOKa.ibHoro 4x> P MOH 3M eHeHHa. B to *e apeM* Ha crynnue hoctchho uojx- 
AepxHBajiH reMnepaxypy hh>kc xeMnepaxypb. OKOHsaxejibHOH Ae^opwauHH (1I00°C) 
nyxeM ee noacryacuBaHHa Hepe 3 B03 fl yxoox™caaeM U e nHHo™. HpoKaxKy 3 aroxoBKH 
ocymecTBjmjiM xe.MnepaxypHO-CKopocxHOM pe^HMe CBepxajiacxHHHocxH (1 100°C , e=10 
2-10-3 c--) co cxeneHbK) 35-65%.B „aw M e cxynM Uy oca>KHBajm H a cxeneHb 35%, ^ee b 
nepexo^OH wacxH ox cxynnub, k nojiomy AecDopMHpoBa™ c nepeMeHHOH cxeneHbK, 
B03pacxaK>meH no 55% b no.oxHe B no.oxne cxeneHb a e<popMau„n cocnuuiBna 55- 
65% .3axe M b nepexoanofi wacxn ox no^oxna k o6o*y cxeneHb ^opMayHH nocxeneH- 

HO CHHWajIH AO BeJIHHUHbl , paBHOM 40%. 

Oocne pacK-axKM amck noiiBepra™ 3aK a„Ke b Mac™ c xeMnepaxypb, OKOHwa- 
xe^bHofi ^opMauMH ( 1 100+ 10-C) h cxa P e H HK> no pe^HMy 850°C, 6 wac, ox TO HHe 
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Ha B03,nyxe; 800°C, 16 Mac. , oxjiaacaeHne Ha B03Ayxe . 

AHa;iH3 cipyKTypbi (Owr.13) h MexaHHwecKHX cbohctb pacnaTaHHoro rucks no- 
Ka3aji, hto bo Bcex 30Hax 6biJia cc})opMHpoBaHa crpyicrypa THna "o>Kepejibe" npoHB- 
jiaiomafl BbicoKne npoMHOCTHbie CBOHCTBa npw KOMHaTHOH m noBbiiueHHbix TeMnepaTy- 
pax(Ta6jiHua 1). 

ripHMep 14. Top5!MenpeccoBaHHbie 3aroTOBKH H3 cnjiaBa 3FI962 .AHaMeTpoM 200 
mm h BbicoTOH 350 mm, nojiyneHHbie no nepBOMy BapHaHTy, noflBeprajmcb RTO c no- 
crraAHHHbiM (3a 3 craflHH) cHH>KeHHeM TeMnepaTypbi o6pa6oTKH c 1 100 (17% y'-(J)a3bi ) 
jxo 1060 °C. TeMnepaTypa oT^CHra Bbi6Hpajiacb b HHTepBane ot TeMnepaTypbi , paBHOH 
TeMnepaType Aec}>opMauHH , ho He HHace neM Ha 20°C, npH 3tom npHpocr KOJiHHecTBa y'- 
c})a3bi Ha Ka>K^ow cra^HH cocraBJiaji MeHee 10%. Ilocjie flTO b HHTepBajie TeMnepaTyp 
1 100-1060°C 6biJia noJiyweHa oca>KeHHafl 3aroTOBKa AHaMeTpoM 400 mm nofl npoKaTKy , 
b KOTopofi 6biJia cc})opMHpoBaHa MHKpoaynjieKCHaa crpyKTypa c pa3MepoM 3epeH y- h 
y'-c})a3 cooTBeTCTBeHHo 5,5 h 2,5 mkm h o6i>eMHOH nonePi nocjieflHefi 26%. 
IlojiyMeHHyK) 3aroTOBKy 3a>KHMajiH b ueHTpajibHofi / CTynHHHofi/ 30He B03,ayxooxjia>K- 
aaeMbiMH nHHOJiHMH. riepe^ pacnaTKOH npoH3Bo,aHJiH no,m>eM TeMnepaTypbi neHH ahc- 
KopacKaTHoro ycrpoHCTBa jxo TeMnepaTypbi oT>KHra b ojxHo^a3HOv\ y-o6jiacrrH, Bbmep- 
KHBajTH npn TeMnepaType 1 170+10°C b TeneHne 1 nac, a 3aTeM oxjiaacaajm jxo TeMne- 
paTypbi HHx<e TeMnepaTypbi OKOHMaTejibHOH Aec})opMauHH (950°C) c nepeMeHHofi cko- 
pocTbio , o6ecneHHBaiomefi npHpocr KOJiHHecTBa y'-c})a3bi , H3MeH5iiomHHCH b HHTepBa- 
ne 26-17% / Mac. B to >Ke BpeMH Ha cTynnue nocrroflHHO noAaep^KHBajiH TeMnepaTypy He 
Bbiiue TeMnepaTypbi OKOHnaTejibHOH Aecj)opMauHH (1I00°C) nyTeM ee no^CTy^cHBaHHH 
nepe3 B03,ayxoox.na>KflaeMbie nHHOJiw. 3aTeM b neHH ycraHaBJiHBajiH TeMnepaTypy 
I 100°C h nocjie nporpeBa 3aroTOBKM ocymecTBJiajiH npoqecc JiOKajibHoro (})opMOH3Me- 



HeHHa. B Hawa.e crynnuy ocmch-hh na cxenenb 15%, ^ee b nepexo.HOH wacxn or 
crynnuB, k no.oxHy ^apMnpoaanH c nepeMe„„oH cxene H bK> Bospacra^meH *o 55% s 
ncoxHc . 3areM b nepexo.Hofi wacrn ox no.oxHa k o6o,y creneHb ae<po P MauH„ no- 
creneHHO chh^h no bchhhhs, , paBHOH 0,5 or cxenenn ^op M auHH b hcothc Ta- 
khm oepasoM cxeneHb ^ H a o6o*e h cxynnue noce pacKaTKH cbcxaBHJia 
cooTBercTBeHHO 0,5 h 0,25 or creneHH ^opMauHH H a no;i 0 xHe ( 55%). 

nocne pacKaxKH ahck noaeepra™ 3aKaJlKe B MacjIO c TeMnepaTypb , okohh3- 
TejibHofi ^opMauHM („00 + ,0°C) „ crapes no pe^My 850°C, 6 ,ac, ox^enne 
Ha B034yxe; 800°C, 16 4ac. , oxji mH vie »a sosayxe . 

AHajiH3 cipyxiypw (Onr.14) h MexaHHwecKHx cbohctb pacKaraHHoro mcKa no - 
Kasa,, hto b P a3,HH HbIX 3o H ax WCKa (crynHue, ncoTHe „ o6o A c) 6b,™ c*op M HpoBa- 
«« CTpyKTypHbie cocxohhh*. o6ecnewHBaK>u<He . h„x no BbIlue „H„ wfi ypoBeHb KpaxKO- 
BpeMeHHbix h *a P on P ow„b IX cbohcxb b HHxepBa.e hx pa6o W x xeMnepaxyp 



(Ta6iiHqal). 



HpHMep 15. npoKHTKH Hcno^bsoBa^HCb 3 aroTOBKH ^aMerpoM 400 mm h 

B.,COTOH 60 MM B KOTOpb.X HOCC o6 P a 6 OXKH HO pCKHMaM .OpHBe^CHHb.M B HpHMepe 

14, 6b.„a «|K,pMHpoBa„a MHKpo^eKCHa* crpyKrypa c pasMepoM 3 epeH y- h Y -**3 
cooTBeTCTBeH ho 5,5 M 2,5 mkm „ o6beMHO« flone «_ no«« 26%. riepe* paocaxKo* 
npoH^n ox.Hr c cow-hhcm W ,e H xa xe M nepaxyp. TeMnepaxypy b cxynHMHofi 
wacxH 3aroxoBKH paBHOH 950°C , wxo cocxaB.nex - 0,8 T n.p. y nyxeM 

ee no^aaHH. 4 e P e 3 ao^xoox™™™ hhho.h. B xo « Bpe M5 , b ,p yro „ wac- 
th 3aroxoBKH, cooxBexcxBy.ou.er, no.noxHv ,, „ o6o,y npoKaxb,BaeMoro .hckb, „ „axo- 
WyK*. b Bb.coKoxeMnepaxypnon 3 OH e newn .HCKopacKaxnoro ycxponcxBa, xe M ne P a- 
xy P y noBb,u J a J1 H^xeMne P aT yP M,cocTaB W eHHe6o,ee l,03Tn.p. y , ( „ 7 5 + ,0°C) 
- TeneHHe 1 nac. Co 3 .aH„e b aCTaJI „ nepeMennoro xe M nepaxyp„ oro no,, OT 0,8 T n. Py 
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b ohhoh ero mecth jxo 1,03 T n.p. y' b apyrofi no3BOJiHJio c(J)opMHpoBaTb cnpyicrypy c 
pa3MepoM 3epeH B03pacrraiomHM mohotohho c 5,5 mkm b cynHue jxo 150 mkm b HaM6o- 
jiee HarpeTOH wacTM, cooTBeTCTByiomeH nouoTHy m o6o^y pacKaTbiBaeMoro flHCKa. 
nocjieziyioiuee oxjia>KaeHHe c TeMnepaTypbi OT>KHra jxo TeMnepaTypbi HM>Ke TeMnepa- 
Typw o.KOHMaTCJibHOM ,ae(})opMauHH (870°C) npoBOflHjrH c nepeMeHHOfi cKopiocrrbio , 
o6ecnenHBaK)ineH npnpocrr KOJiHMecTBa y'-<})a3bi , H3MeHaiomHHCfl b HHTepBajie 26-17% / 
Mac. Ilocjie oxjiaHczxeHHfl BHyTpH 3epeH MaTpHqbi roMoreHHO BbiaejiHJiacb /mcnepcHafl 
y'-c})a3a pa3MepoM 0,2-0,4 mkm. 

FIpoKaTKy AMCKa ocymecrBJiHUH b TeMnepaTypHO-CKopocTHOM pe>KHMe csepx- 
njiacTHHHOcTH (1100°C , s=10 2 -10- 3 c 1 ) co crreneHbK) 25-65%.B cryriHue crreneHb ,ne- 
(})opMauHH cocraBJiH/ia 25%, aajiee b nepexo^HOH nacTH ot CTyrmubi k nojiOTHy crre- 
neHb ne<})opMaiiHH B03pacTajia no 55% b noJiOTHe .B nonoTHe crreneHb aecfropMauHH 
cocrraBJiflJia 55-65% .3aTeM b nepexo/mofi wacTH ot nojiOTHa k oGoay crreneHb #ec})op- 
MauHH nocrreneHHo VMeHbiuajiacb jxo BeJiHMHHbi , paBHofi 25-30%. 

Ilocjie npoKaTKH ahck noziBeprajiH 3aKajiKe b Macjio c TeMnepaTypbi oKOHHa- 
TejibHOH ^ec})opMaunH (1 100+10°C) h crapeHHio no pe>KHMy 850°C, 6 Mac, oxjiaacaeHHe 
Ha B03,ayxe; 800°C, 16 Mac. , ox/ia>k\aeHHe Ha ?o3zxyxe . B pe3yjibTaTe npoKaTKH h noane- 
nyfomefi TepMooopaooTKM no nanHbiM pe>KHMaM 6bm no/iyMeH ahck c pemaMeHTHpo- 
BaHHbiM H3MeHeHneM MHKpocTpyKTypbi no ceMeHHK) AHCKa : b crrynHue cc|)opMMpoBaHa 
m ejiK03epHHCTaa crrpyKTypa c pa3\iepoM 3epeH 35 mkm , b noJiOTHe - THna "o>Kepejibe" a 
b o6o/ie - KpynH03epHMCTafl crrpyKTypa c vnBMJincTbiMH rpaHHuaMH 3epeH. 

AHajiH3 crpyKTypbi h MexaHMMecKux cbomctb pacKaTaHHoro flHCKa noKa3ajr, 

MTO B pa3JlHMHb!X 30HaX flHCKa (CTynHLie, nOJIOTHe H 060Ae) 6bIJlH C(f)OpMHpOBaHbI 

crrpyKTypHbie coctohhhh, mohotohho H3MeHHioiuHecfl ot ozihoh MacTH ziHCKa k Apyrofi, 
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hto oeecneHHsaer cooTBeTCTBeH ho mohotohhoc HSMeneHHe KpancoBpeMeHHbix h aca- 

pon P OSHB,X CBOHCTB , ypoBCHB KOTOp.X aHSJIOrHHCH 3HaweHH„M , Ha6,K> fl ae MU M B 

n P HMepe 14. B nepexo^s.x sac™ MCKa or cxynnuB, k no.OTHy h or no.orHa k 060- 
ny *Hc Ka sHaneHH^ K P aTKo B peMe„HOH npoiHocTH n P H KOMHaTHOH TeMnepaxype h 
TenbHOH n P H no BbIUJ eH„oH (650=0 6u,h 6j ih3kh k cpe„HHM sHaweHHHM cbohctb, H a- 
6jiioaaeMWM b coceflHHx MacTHx aHCKa (Ta6jiHqa 1). 
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Ta6jiHua 1 



ripHMep 


MecTO Bbi- 


TeMne- 








^CaponpoM Hocrb 


ocymec- 


pe3KH 06- 


paTy- 


CT B , 


^0,2 


5, 


npw 650°C 






pa, ^ 












Mna 


Mna 


"5 






cnoco6a 












a, MFIa 


! x , wac. 




CrynHua 


20 


1585 


1180 


17,3 


1000 


142 


2 


FIOJIOTHO 


20 


1560 


1258 


16,6 


1050 


220 




06oa 


20 


1550 


1247 


15,2 


lUoU 


1 f\C 

lUo 




CrynHua 


20 


1566 


1220 


16.4 


1050 


264 


13 


FIOJIOTHO 


20 


1562 


1224 


16.7 


1050 


280 




06oa 


20 


1560 


1230 


16,0 


t a cn 
IUXJ 






CrynHua 


20 


1590 


1173 


16,3 


1000 


172 


14 


FIOJIOTHO 


20 


1581 


1263 


16,9 


1050 


250 




06ou 


20 


1540 


1240 


15,8 


1080 


115 




CrynHua 


20 


1610 


1180 


17,2 


1020 


101 


15 


FIOJIOTHO 


20 


1590 


1260 


18,3 


1050 


276 




OSoa 


20 


1560 


1255 


14,6 


1100 


128 




flepexoa- 
















Ha» sacTb 


20 


1570 


1 199 


15,4 


llOU 


z /u 


15 


ot CTymmbi 
k no/iOTHy 
















nepexoa- 














15 


Haa nacTb 
ot nonoT-Ha 
k o6oiiy 


20 


1538 


1238 


13,4 


1080 


179 
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Ta6jiHua 2 



CnjiaB 


COCTO- 


T, 






K 






HHiie 


°C 


c-i 


MTIa 


% 


m 


3H698 


K3 






190 


80 


0,21 




M3 


950 


10-3 


120 


320 


0,4 


3FI962 


K3 






220 


89 


0,23 




M3 


1050 


10-3 


40 


>500 


0,6 


311975 


K3 






140 


94 


0,19 




M3 


1100 


10-3 


20 


>550 


0,8 



K3 - Hcxo^Hoe KpynH03epHHCToe coctohhhc; 
M3 - MejiK03epHncToe cocroaHne nocsieRTO. 
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a>OPMYJIA H30EPETEHHH 



1. Cnocoo n3roTOBJieHHH ocecHMMeTpifMHbix jxermieu , Hanpurviep, ahckob, bkjiio- 
MaiouiHM JiOKajibHoe (J)opMOo6pa30BaHHe npoicaTKOH 3aroTOBKH c ueHTpajifeHofi h ne- 

pH(J>epHHHbIMH HaCTflMH, a TaiOKe TepM006pa60TKy, OTHHHaiOmHHCJI TeM , HTO wcnojib- 

3yioT ncxoOTyio 3aroTOBKy H3 MHoro4)a3Hbix cnjiaBOB c noaroTOBJieHHofi CTpyKTypofi, 
ee JiOKajibHoe 4)opMoo6pa30BaHHe ocymecTBJiaioT b peryjinpyeMbix TepMOMexaHHwe- 
ckhx ycjioBH5ix b HHTepBane TeMnepaTyp Bbime 0,4 , ho HH^ce TeMnepaTypbi co- 
6npaTejibHOH peKpHcrrajuiH3auHH MaTepMajia 3aroTOBKH, h CKopocrreH JiOKajibHofi 
c{)opMauMH 10 2 - 10 3 c' 1 , npMneM ueHTpajibHyio nacTb 3aroTOBKH Ae<})opMHpyKyr c>Ka- 
THeM hjih OKaTHeM c KpyneHHeM nocpeacTBOM nHHOJien, a nepn(j)epHHHbie HacTH npo- 
KaTbiBaioT pojiHKaMH, HMeioinHMH no MeHbiuen Mepe rpu HC3aBHCHMbix crreneHH cbo- 
6o£bi nepeMemeHHH , c Harpy3KOH q, yaoBJieTBopaiomeH yariOBHHM: 

a SH >q>a sa , 
a SH > q rae 

a s 4 - Hanp5i>KeHHe TeneHHH MaTepnajia 3aroTOBKM b iie(J)opMHpyeMbix , ueHT- 
pajibHOH jxo HaMajia npoKaTKH, h npoKaTbiBaeMbix nepH(J)epHHHbix, nacnix; 

a s „ - conpoTHBJieHHe Aec})opMauHH MaTepwajia 3aroTOBKH b npo^e^opMHpo- 

BaHHbix, ueHTpajibHOH nepeA npoKaTKOH , h y>Ke npoKaTaHHbix nepH(J)epHHHbix, nac- 
Tax; 
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•a s H .conpoTHB fl eHHe jx^op Mawii Marepna^a HHcrpyMeHra np„ reMneparype 

fle^opMaqnH 3aro*roBKw; 

K - 3MnHpHMeCKHH K03(})Cj>HUHeHT , K<2, 

K P OMe Toro OKOHMaTejjbHyK) Te P Moo6pa6oTKy ^efi npoBoaar c narpesoM Bb.me 
h™ HH)Ke reMneparypM pacrBopeHH* bto P oh * a3b , hjih aj^oTponHHecKOH Mo^HKa- 

UHH MarpHUB, B aaBHCHMOCTH OT C^OpMHpOBaHHOH B P e3yjiB T aTe paCK3TKH MHKpO- 

CTpyKTypw. 

2. Cnoco6 no n.l, OTjiHwaioiuHHca T e M , hto cp eWK>i0 cko P octb JioKajjBHofi m- 
(DopMauHH BB.6Hpa.oT paBHofi ( 10 2 - 10" 2 ) c- 1 hjih (I0" 2 - JO" 3 )c- COOTBeT- 

CTBCHHO n P H H3J1HHHH MeJIK03epHHCT0H ,MeHee 10 MKM, HJIH KpynH03epHHCTOH 

CTpyKTypbi b pacKaTbiBaeMOH wacTH . 

3. Cnoco6 no n.l, OTjiMHarciuHHca T e M , hto (J>o P Moo6pa30BaHHe 3aroTOBKH Be- 
flyr no 3 aaaHHOH nporpaMMe , ynpaBjia* TewenneM Merajrjra npn 4>opmoh3Mchchhh no- 
cpeacTBOM KOHTpojia h cpaBHeHHs 3a fla „„B I x h jjeHCTBHTejibHBix napaMerpoB npouecca, 
HanpHMep, ycHjinfi, momchtob, npnjio>KeHHbix k HHcrpy M eHTy h 3aroTOBKe, uono^c 
hh„. CKopocTH, BejiHWHHbi h HanpaB.eHH* nepeMemeHHH HHcipy„eHTa h ^eiicTBHTejiB- 

HblX pa3MepOB 3arOTOBKH. 

4. Cnoco6non.l.oT J ,HMaK>u,Hflc«TeM.M TO npoKa«y c o OT OBpeMeHHB,M npn- 
Hy^iHTejibHbiM BpaujeHHeM 3 aroTOBKH h po.hkob „p 0 H3»o*rr c comacoBaHHeM hx yr- 
iioam CKopocren no 3 HawcHHfi, cooTBercrBy.oujHx MHHHMajibHOMy npocKajib3B, B aHHK> 

5. Cnoco6 no n. I oTjinwa.omHHca tcm , hto momchtb. ot Harpy.™ «,„ Ka^ofi 
napb, HaKjioHHbix pom,**. . 3 a„MHo ypasHOBeu.HBa.oT b cootb CT ctbhh c cooTHOUie- 



HHeM: 

q^Si*Li = q i+I «S i+1 *L i+1 , 
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me q j5 q +! - yuejibHbie ycHJina pojihkob, 

Sj ,S i+ i - momazui KOHTaicra pojihkob c 3aroTOBKofi; 

Lj, L i+ | - paccT05iHH5i ot ueHTpa TJi>KecTM njiomaan KOHTaKTa jxo ocm BpauueHMH 

3arOTOBKH. 

i - 1,2,3,4 ... KOJiMHecTBO pojihkob. 

6. Cnocoo no n.l, OTJinMaiomnfica tcm,mto npn npoKaTKe CHH)KaioT TeMnepaTy- 
py b npoKaTaHHOH nacTH nocpeacTBOM oxjia>KfleHHfl ueHTpajibHOH nacTH. 

7. Cnoco6 no n., 1, oTJinnaiomMHCfl TeM , hto npoKaTKy npOH3BOflHT no KpanHen 
Mepe £ByM5i napaMH pojihkob, npn 3tom ycHJina zie(})opMHpoBaHMj? jxjin Ka>Kfloro pojiHKa 

3a^aK)T B Ka>K£bIH MOMeHT BpeMCHH OflHHaKOBbie. 

8. Cnoco6 no n.l, oTJiHHaiomHHCH TeM, mto (J)opMOo6pa30BaHHe /leTajien THna 
/ihckob npoH3BOH5!T nonepeMeHHbiM CMemeHHeM npn npoKaTKe b pa^najibHOM HanpaB- 
jieHHH pojihkob, cj^opMnpyioLUHX BHyTpeHHioio noBepxHocrrb o6oaa ^HCKa, jxpyv OTHO- 
cHTejibHO zipyra Ha BejiHMHHy, He npeBbiuiaiomyK) jyiHHy o6pa3yK>men hx HanajibHoro 

KOHyca. 

9. Cnocoo no n.l, OTJiHHaioiuHHCfl TeM, hto (J)opMOo6pa30BaHHe aeTajiefi THna 
;ihckob npoH3Bon?iT o^HOBpeMeHHo no MeHbiueH Mepe TpeMa pojiHKaMH, o6pa3yn> 
iuhmh BMecrre KajinSp, ohhh H3 KOTopbix 4>opMHpyeT BHeiiiHioio nosepxHOCTb o6o,aa 
AHCKa c ycHJineM He oojibuuiM, weM ycHJina ot n&yx apyrnx pojihkob, (fropMHpyiomnx 
BHyTpeHHioio noBepxHocrrb oSona. 

10. CnocoG no n.l, OTjnmaK>LUHHCfl TeM , mto 4)opMoo6pa30BaHHe AeTajiefi THna 
o6oiiOMeK npoH3Boa«T c nepnoiniMecKHM hjih HenpepbiBHbiM CMemeHHeM nHHOJiefi ot- 
HOCHTejibHO HCxoaHofi njiocKocTn npoKaTKH Ha cyMMapHyio BejiHMHHy, paBHyio 3a^aH- 
hoh crrpejie npornoa neTajin. 

1 1. CnocoS no n.l, 10 oT^HMaioinHHCJi TeM, hto (J)opMOo6pa30BaHHe aeTajien 
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™na 0 6o„o,eK npo„3.o MT p OJIHKaMM , p acnoJIOM „„ Ha ^ ^ 
ucnrpa ,pau,e„„, 3aroTOBKH , „e „p„ uu ,a„ mHX MHHy HaHa „ tHoro KOHyca 

12. CnocoS no n.l, oT,„,aK,u 1B(i c» T e„ , „o npoKarxy B M y TC yBe^enneM 
CKopoc™ nepeMeu,=„„» poj ,„kob b paA» M1 .„o„ „anpa BJ1 e„„„ or oc„ ancKa. 

.13. CnocoS no „. I, or^an^c. TeM , , TO n P „ K a TKy ^Honpo^^H^x, 
"anp„ M ep , KOl ,6„„„poBa„„ t , x rnna „„CKa e Ba™, . MyT „„ Mended M epe 

TpeM„ pojiHKaMH , co6cTBeHHbic oc„ KOT 0pt ,x „oryr noaopa,,™™ . „ PMM ax o T 0 
*> ' Parana no o T „ 01IK „ HK> k ocn .pau.eHH, 3aro T OBK„ „ coc™™ c Rpymm po - 
JiHKaMH yroji b npeawax or 0 ao 2* paanaH. 

14. CnocoS no n. I, o ra „HaK,u,„ fl c» „„ 3aroT oBKy npoKa Ib ,B a ,oT po„„Ka. 
m„ c„eu,e„„ 1 ,,„„ othochx^ho nnoccoc™, npoxo^en ,ep e3 oc fc , a ro T OBK„ „a Be- 
™,„„y,„e npcBbjmaiomyio cpe^ns PM „y C pa6o,e„ ..ac™ „„apy„e„ T a. 

15. CnocoS no „.,, o ra nva,o 111 H„c» Te „ ,, T0 ToaiUHHy npoKBTUBaeMOH 3aro- 
tobkh yneHbmaioT c yBejinnemieM ecanaMerpa . 

16. Cnocoo no „. , or^a^nSc, ™ , m npOKaTKy BMyT „,„,, HanpaB _ 
JieHHe BpameHHe 3aroTOBKH h po.ihkob. 

17. Cnocoo no n. . om^^ TeM , hto npoKarKy ae^yx „3 M eH„a pawajlb . 
Hoe Hanpa M eH„e nepeMeu,eHi« P o,hkob H a npoTHBonono*** . 

18. Cnocoo no n. , - I7 . or m „ atoim « CSf TeM , hto npo^y npo^x . 
6e30KHCJiHTe/ibHon cpeae. 

19. CnocoS „3roro Me „.,» JaroTOBOh . M , ^ ^ £ ^ 
r._„r, cTp, „ T yp„r, .,3 ,,„o, „* a 3„ b , c, M aB„., m ^ c „ B a,*opMa„„o„- 
HO- T ep M „,ecKo fi „6p a 6o TK e, „ M ,^ mniic „ TeM, m „„„ ocyu.ecr.a.noT „a- 
HnHa,c T e„n,pa T yp u . np„ Ko.opoa cy M „ap„oe co^anne 
aaaorponnHecKon k ,oa„*„Kau„„ MaTpMub , COCTaBM „ ^ ^ „ 



MM 

61 




nocTajHHHbiM CHH>KeHHeM TeMnepaTypbi o6pa6oTKM ao TeMnepaTypbi noJiyMeHHH crra- 
6HJibHofi MejiK03epHMCTOM <npyKTypbi c cooTHomeHHeM pa3MepoB 3epeH pa3Hbix (})a3, 
pa3^HHaioinHxcfl He 6ojiee neM b 10 pa3, npw 3tom iiecf)opMauHK> Ha nepBOH h k3>kaoh 
nocjieayiomeH CTaziHH npoBozwT co crreneHHMH , 3KBMBajieHTHbi m h creneHH jxefyopMeLiuw 
npw ocanice hjih npoTaaace , h co craB ji ji K)m h m h 1,2-3,9 KpaTHoe H3MeHeHHe njiomanw 
nonepenHoro ceneHHa 3aroTOBOK cooTBeTCTBeHHO hcxoahoh h Ha npeAbmyiuefi cra^HM, 
Ae<})opMauHOHHO-TepMHMecKyK) o6pa6cmcy coBMemaioT c npeflBapHTejibHbiM (J)opMO- 
o6pa30BaHweM 3aroTOBKH nojx npoKaTKy. 

20. Cnoco6 inroTOBJieHHH 3aroTOBOK una ocywecTBJietiiffl cnocoSa no n.l c noix- 
roTOB.aeHHOH CTpyKTypofi 113 HincejieBbix cruiaeoB, 3aKJiK)HaiomHHCfl b ,ae(})opMauHOHHO- 
TepMHnecKOH o6pa6oTKe GZJTO), OTJinnaioimiifCfl tcm, hto JXTO ocymecTBjiflioT b hh- 
TepBane TeMnepaTyp , HaHHHaa c TeMnepaTypbi , npw KOTopofi cyMMapHoe coAep>KaHHe 
y'- cj)a3bi cocTaBJiaeT 6ojiee 7%, jxo TeMnepaTypbi crapeHHfl, npHneM b yK33aHHOM hh- 
TepBajie ocymecTBJiHKrr nocTa^HHHoe cHH>KeHHe TeMnepaTypbi o6pa6oTKH, oGecneMHBaa 
npHpocT KOJiHHecTBa y'-cj)a3bi Ha Kaxcaon crraAHH He 6oJiee , neM Ha 14% , ^e^opMaqHio 
Ha nepBOH h Kaxcaofi nocjienyiomeH CTaziHH npoBO^T co crreneHHMH , 3KBHBajieHTHbiMH 
creneHH ^ec})opMauHM npH ocaAKe hjth npoTH>KKe , h cocrraBjiHiomHMH 1,2-3,9 KpaTHoe 
H3MeHeHHe njromaiui nonepeMHoro ceneHHfl 3aroTOBOK cooTBercTBeHHO hcxo^hoh h Ha 
npe/ibinymeH CTa/iHH, a b KOHue Kaacaon era/inn npoBOAHT nocjieAec^opMauHOHHbiH ot- 
xoir, npw 3tom iiecJ)opMauHOHHo-TepMHHecKyK) o6pa6oTKy coBMemaKn* c npe^BapH- 
TejibHbiM 4)opMOo6pa30BaHHeM 3aroTOBKH noA nponaTKy. 

21. Cnoco6 no n. 19, 20, OT/iHMaiouuHHCJi TeM , hto b KOHue Kaacaofi cra^HM 
npoBoiWT nocjieAec|)opMauHOHHbiH or>KHr 6e3 npwJio>KeHHfl Harpy3KH npw TeMnepaType 
He Bbiiue TeMnepaTypbi Hawaiia nec^opMauMH, b TeweHne BpeMeHH x : 
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T=K T «f*/ f M , 

mc K T - 3MnH P HWeCKHH KOaC^^HUHeHT, SaBHCamHH OT XHMHHeCKOrO H (J)a30BOrO 

cocraBa h TeMneparypnbix ycjiOBHH o6pa6oTKH (K T = 12-48) ; f M , f«, - oSteMnaa nom 

MaTpHUW H BTOpOH ())a3bl. 

22. Cnoco6 no n. 19, 20, OTjiHwaramMfica T e M , hto b KOHue k3>kaoh cram* 
npoBo/wr nocjieae^opMaqHOHHbiH o-okhp c npmio^KeHHCM Harpy 3 KH nocpeacrBOM 

H3MeHeHHfl CKOpOCTH fle(}>OpMaUHH B COOTBeTCTBHH C 3aBHCHMOCTbK> : 

e K = K fl • £„• (1+ f M - f«, )/( i+f M ) 

rae £ K - cKopocrb jie(J)opMauHH b Komje crajwn; 
e„ - CKopocrb aecJ)opMauHH b Hanajie crajwvi; 
K a - 3MnHpnwecKHH KG3c})(J)HUHeHT, aaBHCflmHH ot xHMHMecKoro cocrasa cnjiasa 
h TeMneparypHO-CKopocTHbix pokhmob aecj>opMauHH (K fl =0,l-0,9); ^,07; 

23. Cnoco6 no n. 19, 20, OTJiHuafomHHC* TeM , hto flec|)opMau.HK> Ha nepBofi 
CTa^HH ocymecTBj.awT co ckopoctmo 1 0 2 - 10 3 c' , a CKopocrb ae«|>o P MauHH na nocjie- 

flyroiUHX CTa^HflX Bbl6HpaK>T B COOTBeTCTBMH C 3aBHCHMOCTbIO : 
En = K<() • Enp»T fl / Tn.p.4,, 

rae e n - CK-opocTb ^e^op.MauHH Ha nocneayiomeH craaHH; 
s np - CKopocrb zie<})opMauHM Ha npe/ibiiiymeH cra^HM; 
T a - TeMnepaTypa .aeqbopMaiuui; 

T„. p .,p-TeMnepaTypa nojiHoro pacrBopeHHJi BTopofi <})a3bi; 

K*- 3MnH P HHeCKHH K03(|)(J)imHeHT, 3aBHCSmHH OT XHMHHeCKOrO H (J)a30BOrO 

cocraBa cnjiaBa ( K,p=0,5-2). 

24. Cnoco6 no n. 19, 20 OT/iHwaioiUHficH TeM, hto m* BbicoKOJierHpoBaHHbix 
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cnjiaBOB npeHMymecTBeHHo c jihtoh cnpyKTypoH a TaioKe MajiojiernpoBaHHbix cnjiaBOB 
ocymecTBJifliOT npe^BapHTejibHyio RTO b HHTepBajie TeMnepaTyp ot 0,95Tnji no 
TeMnepaTypbi , npH KOTopofi coaepacaHHe BTopofi (})a3bi cocraBJiHeT He 6ojiee 7 % , npn 
3tom o6pa6oTKy Be^yT c nocrra/iHWHbiM CHH^ceHHeM TeMnepaTypbi , npHHeM Ha Ka>K\aoH 
crraAHH TeMnepaTypy h CKopocrb ae(})opMauHH perjiaMeHTHpyioT corjiacHo 

COOTHOllieHHIO: 

8k/S„ = K 4 » •(Tk/T„), 

tjxc 8 K - CKopocrb flec})opMauHH b KOHue erratum; 
8 H - CKopocrb Ae^opMauwH b Hanajie craAHH; 

T K - TeMnepaTypa ,aec})opMauHH b KOHue CTa/iHH; 
T H - TeMnepaTypa aec^opMauHH b Hanajie cra^HM; 

K(j, - 3MnHpHHeCKHH K03(})4)HI4HeHT, 3aBHCAU{HH OT XHMHHeCKOrO H (J)a30- 

Boro cocrraBa cnJiaBa (K(j>=0,5-2). 

25 .Cnoco6 no n.19, 20 oTJiMwaiomHHCfl TeM, hto nepea ae(})opMauHeH 3aroTOB- 
kh noMemaioT b TenjiOH30JiHpyiouuHH KOHTefiHep, TOJiujHHa ctchkh KOToporo Bbi6H- 
paeTcs H3 cooTHomeHHfl: 

A = K„»CPs/CT*s , roe 
A - TOJimHHa crreHKH KOHTeHHepa; 

CPs - Hanpa>KeHHe TeMeHHJi MaTepnajia 3aroTOBKH npH TeMnepaType aecfiopMauMH; 

O^s - Hanpa>KeHHe TeneHna MaTepwajia KomrewHepa npw TeMnepaType 
Aec}>opMauHH; 

K M - 3MnHpMMeCKHH K03(})(j)HUHeHT, 3aBHCfllUHH OT KOHCTpyKUHH KOHTeHHepa, 

xapaKTepncTHK npoMe>KyTOHHoro Meacay 3aroTOBKOH h creHKaMH KOHTeHHepa 
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TenjioH30JiHUHOHHoro MaTepHana (K M =4-8); 

26. Cnoco6 no n. I hjim 1, 20, OTjiHHaroiuHHca Te M> hto nepea npoKancoM 

saro-roBOK H 3 ^HcnepcHOHHO-TBepaeiomHx HHKejieBwx cnjiaBOB npoBoaar 
flonojiHHTenbHbiii oracHr b oaho^hoh o6jiac™, ho He Bbiwe 1,07 T n.p. y 
(reMneparypbi nojiHoro pacTBopeHHJi y'- <}>a3b.) c nocn^yvommt oxiia^eHHeM c 
reMneparypbi o™ H ra no reMneparypu He Bb.we reMneparypb. ^opwauHH, c 
noc-roaHHofi hj!h nepeMeHHofi cKopocrbio, oGecnenHBaromeH npnpocr KojiHHecTBa y'- 
*a3b. b HHTepBajre or 5% / nac. no 50% / nac, a OKOHwareiibHyK, Te P Moo6pa6oTKy 
npoBOflHT npH TeMnepaType hhjkc Tn.p. Y'-(J)a3bi. 

27. Cnoco6 non.l, 20, orjiHnaiomHHc* reM, hto nepea npoKarKofi no KpaflHefi 
Mepe b AByx coceaHHx nacrax 3aroTOBKH npoBoaar othchi- c co3 fl aHHeM rpaflHeHra reM- 
neparyp, npHneM reMneparypy m3mchjiiot b HHTepsa^e or reMneparypbi, paBHofi 0,8 T 
n.p. y > b oahoh Mac™ 3aroTOBKH no reMneparypbi , cocraBJiarameH He 6ojiee 1,07 T 
n.p. Y b apyrofi nacTH , npnneM nocjienyiowee oxjiaacaeHHe c reMneparypbi OT>KHra no 
rewneparypb. He Bb.iue reMneparypb. aecfropwauHH ocymecrBjisjor c nocro^HHOH hjih 
nepeMeHHofi CKopocrtK, , oGecneHHBaromefi npHpocr KOJiHHecTBa y'- <},a3bi b HHTepsajie 
or 5% / nac. no 50% / nac, a OKOHware/ibHVK, re P Moo6pa6oTKy npoBoaar npw TeMnepa- 
Type HHxce Tn.p. y'-c})a3bi. 

28. Cnoco6 non.l, 20, or/iHwaKHUHMca re M , hto nponaTKy aeraJieH nposo^r b 
asa 3 rana : H a nepsoM b npe^e^ax reMneparypHoro HHrepsajia CBepxnjiacTMHHOCTH 
3aroroBKy Ae(})opMnpyK>T no pa3Me P OB , cocraBiia.omHx 0,6 - 0,9 or KOHeHHbix pa 3 Me- 
Pob AerajiH, a H a bto P om 3rane npoBoaar otjkhp b o^ho^hoh o6jiac™ h oxjiaa^e- 
HHe c Tewneparypb. orAHra no reMneparypb. He Bb.we reMneparypb. fle<j>o P Mai,HH, c 
nocroHHHOH hjih nepeMeHHofi CKopocrbK>, oSecnenHBaiomeH npnpocr KOJiHnecTBa y'- 
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(J)a3bi b MHTepBajie ot 5% / nac. ao 50% / wac, 3aTeM npoH3Bozurr nocjieayioijuyK) ae- 
(J)opMauHio ao KOHeHHbix pa3MepoB m OKOHnaTejibHyio TepMOo6pa6oTKy npw TeMnepa- 
Type HHHce Tn.p. y'-<})a3bi. 

29. Cnoco6 no n.l, 26 , mjih 1, 27 oTjiMnaioinMHCH TeM , mto onepaunio Jioxajib- 
Horo 4>ppMOo6pa30BaHHJi no KpaHHew Mepe b jxsyx coceziHHX nacreM 3aroTOBKH npoBO- 

mT C pa3HbIMH CTeneHflMH , H3MeH5HOmHMHCfl MOHOTOHHO OT OflHOH HaCTH 3arOTOBKH K 

flpyrofi Ha 0,25-0,75 ot crreneHH ^e(J)opMauHH coceAHefi nacTH. 

30. Cnoco6 no n.l, 26 , mjih 1,27 OTJiHnaiomHHCfl TeM, mto onepaqHH Jioicajib- 
Horo (J)opMoo6pa30BaHHJi coBMemaioT c oxjra^eHHeM nocjie OT>KHra 3aroTOBKH jxo 
TeMnepaTypbi /xe<})opMauHH, npn 3tom b HanajibHbiH momcht BpeMeHH coBMemeHHJi 

CKOpOCTb flecj)OpMaUHH CHH>KaiOT B 10-100 pa3, M flaJiee K KOHUy OXJia>KfleHHH CKOpOCTb 

^ec})opMauHH yBejiHHMBaioT jxo 3a^aHHOH. 

31. Cnoco6 no n. 1 ,19,20 oTJiHHaKmjHHca TeM , hto OKOHHaTejibHyio TepMOo6- 
paSoTKy ^eTajien c Me/iK03epHHCTOH crpyKTypoH, , npeHMymecTBeHHO, npeflHa3HaneH- 
Hbix j\nn 3KcnjiyaTaunn npw TeMnepaTypax , 6jih3khx k TeMnepaType CTapeHHs cnjia- 
bob npoBoziflT c HarpeBOM Bbiiue TeMnepaTypbi pacTBopeHHfl BTopofi 4>a3bi hjih hh3ko- 
TeMnepaTypHOH ajuioTponHnecKOH MOAHcj)HKauHH MaTpHUbi b TeneHHH BpeMeHH, Aocra- 
tohhom iuifl yKpynHeHHH 3epeH no 2-10 KpaTHoro pa3Mepa. 

Mctomhhkh MH(f>opMamui , npiiHHTbie BO BiiiiMaHite: 

1. IlaTeHT CULIA No 3519503, C22F1/10 ,1970. 

2. IlaTeHT CLLIA Nv 3741 821 , C22FI/10, 1973. 

3. ABTopcKoe GBHAeTeJibCTBo JST9470346, B21 K 1/32, 1975. 

4. ABTOpCKoe cBMneTejibCTBO N° 536883, K/1.B21K 1/32, 1975. 



Cnoco6 H3roTOBJieHH* ocecHMMeTpHHHbix aeTajieii h cnoco6w mro- 
TOBJieHHa 3 aroTOBOK H3 MHoro(J)a3Hbix cnjiaBOB jvih ero ocymecrejieHH* 
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Owr. 4 




Our. 5 
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Cnoco6 H3roTOBJieHHa ocecuMMCTpMHHbix iieTajieH m cnoco6bi M3ro- 
tobjichh* 3aroTOBOK M3 MHoro(})a3Hbix cnjiaBOB win ero ocymecTBJieHMfl 




Cnoco6 H3roTOBJieHHfl ocecHMMe-rpHHHbix AeTajiefi m cnoco6bi M3ro- 
TOBJieHMfl 3aroTOBOK H3 MHoroc|)a3Hbix cnjiaBOB jwa ero ocymecTBJieHMfl 

4 ,_' 




Cnoco6 H3roTOBJieHHfl ocecHMMeTpwHHbix neraneii h cnoco6bi mro- 
TOBJieHHJi 3aroTOBOK H3 MHoro<J)a3Hbix cnjiaBOB iuifl ero ocymecrBJieHHa 




Ohi\ 9 



Cnoco6 H3roTOBJieHHfl ocecHMMeTpuHHbix jieTanefi h cnoco6bi M3ro- 
TOBJieHH« 3aroTOBOK H3 MHoro(})a3Hbix cruiaBOB una ero ocymecTB/ieHMH 




Our. 10 



CnocoG H3roTOBJieHHH ocecHMMeTpnwHbix nerajieii h cnoco6bi M3ro- 
TOBJieHMJi 3aroTOBOK M3 MHorocJ)a3Hbix cn/iaBOB iuiji ero ocyuuecTBJieHMfl 




Our. 12 
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Cnoco6 HsroTOBJieHHA ocecHMMeipHWHbix aerajieii h cnoco6w H3ro- 
TOBJieHHJi 3aroTOBOK H3 M H oro(|)a3Hb.x cruiaBOB an* ero ocymecTBJieHUfl 




d>nr. 13 
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PEOEPAT 

k sanBKe Ha H3o6pereHHe "Cnoco6 mroTOBJieHwi oceccHMMerpHHHbix 
aeTajiefi 11 cnoco6bi kctotobjkhiu aaroTOBOK H 3 MHoro*a3Hbix 
cniiaBOB ana ero ocymecTBJieHHH " 
aBTopoB YTHuieBa (D.3., KafiSbiuieea O.A., BajiHTOBa B.A. 



H3o6peTe H He othochtc* k- o6^cth o6pa6oTKn MerajuioB aasneHHeM, b 
nacTHOCTH , k cnoco6aM H3roTOB/ieHHs tohhwx 3aroTOBOK ^erajieH xwna ahckob, c 

KOHHHeCKOH, nO^epHHeCKOH H apyrHMH OCeCHMMerpHHHB.MH (fropMaMH, 

BbinojiHseMbix „ 3 MajionjiacTHMHbix h TpyaHo fl ec},opMHpyeMb,x Maxepna^oB, 
HanpHMep, H3 acaponpoHHbix cnjiaBOB. 

Saaanefi aaHHoro H3o6pereHH J . SB^erca co 3fl aHHe cnoco6a H3roTOBJieHHJi 
K P ynHora6a pM TH bl x ocecHMM«rrp„sHb.x Aenu.eS c perjiaMeHTHpoBaHHOH crpyKTypofi h 
CBOHCTBaM h H3 Tpv^Ho^opM MpveMb.x MHoro^Hb.x cn^aBOB, o6ecneHHBaK>.nero 
CHH>KeHHe TpyaoeMK-ocTH h noBbmieHHe K03c}>ci>HUHeHTa ncno^OBaHH* MarepHajia 
nyreM noaroroBKH 3a a aHHOH crpyKrypbi b hcxoahoh 3 aroTOBKe „ on T HMH3a U HH 
Mero^oB 4>o P Moo6 P a30BaHH*. Hpn 3T om no a per^MeHTHpoBaHHofi crpyKTypofi 
noHHMaeTca jih6o OflHopoiiHaa, jih6o cneuHam,Hb.M o6pa3 OM H3MeH*K>maaca no 
ceneHHAM aeTajiefi CTpyKTypa. 



nocTaBJieHHaa 3aaa4a pemaeTca b cnoco6e H3roTOBJieHH5i 3aroTOBOK, 
BKJiK)MaK)meM jionajibHoe (J)opMOo6pa30BaHHe npoKaTKOH 3aroTOBKH c ueHTpajibHOH h 
nepM(})epMHHbiMn nacTAMH, a Taiojce TepMOo6pa6oTKy, oTJinnaiomeMCfl TeM , hto 
ncnojib3yiOT HcxoAHyio 3aroTOBKy H3 MHoro(})a3Hbix cnjiaBOB c noaroTOBJieHHOfi 
CTpyKTypOM , ee jiOKajibHoe <J)opMoo6pa30BaHHe ocyiijecTBJiHioT b peryjiHpyeMbix 
TepMOMexaHHHecKHx ycjioBHflx b MHTepBajie TeMnepaTyp Bbime 0,4 T n ji , ho HHKe 
TeMnepaTypbi co6npaTejibHOH peKpHcrrajiJiH3auHH MaTepnajia 3aroTOBKH, h CKopocrreH 

2 — -3 -1 

jioKajibHOH jiec|)opMauHH 10 10 c npHHeM uemrpajibHyio nacrrb 3aroTOBKH 
ae4)opMHpyK>T OKaTHeM hjih OKa™eM c KpyneHneM nocpeacTBOM nHHOJien, a 
nepwcJ)epHHHbie nacTH npoicaTbiBajOT ponHKaMH, hmcioiuhmh no MeHbuiefi Mepe TpH 
He3aBHCMMbix cTeneHM cBoGoabi nepeMemeHHH , c Harpy3KOH q, yaoBJieTBopaiomeH 
vcjiobhhm: 

<y sh >q^Osn , 
K* a s ii > q , 

rjxc o s jx - HanpflHceHHe renown MaTepnajia 3aroTOBKM b fle<})opMHpyeMbix , 
ueHTpajibHOH no HaMa^a npoKaTKH, h npOKaTbiBaeMbix nepnc})epHHHbix, Hacrflx; 

<^s h - conpoTHBjieHHe ,ae4)opMauHH MaTepnajia 3aroTOBKH b 
nponec})opMnpoBaHHbix, ueHTpajibHOH nepea npoKaTKOH , m y>Ke npoKaTaHHbix 
nepw(})epHHHbix , wacTflx; 

*o* s w - conpoTHBjieHHe Aec})opMauHH MaTepnajia HHcrpyMeHTa npH 
TeMnepaType ,ae(}>opMauHH 3aroTOBKH; 

K - 3MnMpHHeCKHH K03(|)(})HUHeHT , K<2, 

KpoMe Toro OKOHMaTejibHyio TepMoo6pa6oTKy ^eTajiefi npoBOA^T c HarpeBOM 
Bbime hjih HH>Ke TeMnepaTypbi pacTBopeHHH BTopow (J>a3bi hjih ajuioTponHnecKOH 



MO^HKHUHH MarpHUB, B 33BHCH MOCTH OT C*OpMH P OBa„HOH B P e3 yJI bTaTe paCKHTKH 

MHKpOCTpyKTypbl. 

Ue*ecoo6 P a3HB,MH npn ocymecTBJieHHH cnoco6a «b™k>tc* rexHciorHnecKHe 
npHeMbi, 3aKjiioHaioiunecji b tom, hto : 

Cpe^HIOIO CKOpoCTb JIOKajIbHOH A6(})OpMaUHH Bbl6npaK)T paBHOH ( 10?'. 10" 2 ) 

- 1 -2 3] 

c hjihOO -10- )c" cooTBercTBeHHo n P H Ha^HHHH Me^Ko 3 e P HHcroH , Menee 

1 0 mkm, hjih K P ynH03epHHCTOH crpyKrypb. b pacxarbmaeMOH wacrH ; 

*o P Moo6pa3o B aHHe 3 aroTOBKH Beayr no 3aaa H HOH nporpaMMe , ynpa B ™ 
reweHHeM Mera^a np H 4,o P MOH3Me„eHHH nocpeacxBOM kohtpo™ h cpaBHeHH* 
3a,aHHb,x „ ^MCTBHTe.bHb.x napa M expoB npouecca, nanpHMep, ycHjmfi, momchtob, 
npH.o.eHHb.x k HHcrpyMeHxy H aaroxoBKe, no.ottCHH*, CKopocxH, B M „, HHbl H 
HanpaBjiemui ne P e M eu,eHHa HHcrpyMeHxa h aeHcxBHxe^Hb.x pa3Mepo B 3aroTOBKH; 

npoKarKy c o*HOBpeMeHHh,M n P HHyaHxe„bHb,M BpamemieM 3 aroTOBKH m 
PChkob n P OH3Bo„ T c cor,aco B aHHeM hx yr.oBb.x cKopocreH m 3HaHeHHH, 
cooTBercTByjoiUHx MHHHMajibHOM y npocKajiwbiBaHHio Me^y hhmh; 

MOMeHTbl OT „arpy3KH All ft « napb, HaKJIOHHblX pO.HKOB, B33HMHO 
ypHBHOBeUIHBaiOT B COOTBCTCTBHH C COOTHOUJeHHeM: 

qi-SfLj = q i+1 .S i+1 • Lj +1 , 

rue qi, q+1 - yaejibHbieycHjiHa pojinKOB, 

Si ,Sj+i - nnomajw KOHxaKTa P ojimkob c 3a totob ko h ; 

Li, Lj +1 - pacCTOHHHH OT ucrpa T^eCTH HJIOIIUWH KOHT3KTa AO OCH 

BpameHHa 3aroTOBKn; 

i - 1,2,3,4 ... Ko/iHwecTBo pojihkob; 

npn npoKaTKe chh^t reMneparypy b npoKaraHHofi nacrn nocpeacxBOM 

oxjia^AeHHfl ueHTpajibHOH nacTH; 




npOKaTKy npoH3BOflflT no KpafiHen Mepe RByMX napaMH pojihkob, npH 3tom 

yCHJIMfl /ie(J)OpMHpOBaHHH JUin Ka>KflOrO pOJIHKa 3SLJX3.K>T B Ka>KAbIM MOMeHT BpCMCHH 

OAHHaKOBbie; 

4)opMOo6pa30BaHHe .aeTajien Twna ahckob npoH3BO,UHT nonepeMeHHbiM 
cMemeHHeM npn nponaTKe b paanajibHOM HanpaBJieHHH pojihkob, (J)opMHpyK>LijHx 
BHyTpeHHioio noBepxHOCTb o6oaa flHCKa, apyr OTHOCHTejibHO apyra Ha senHMMHy, He 
npeBbiuiaioinyK) juiviny o6pa3yiomeH hx HawajibHoro KOHyca; 

4)opMoo6pa30BaHHe fleTajien THna ahckob npoH3Bo^«T oahobpcmchho no 
MeHbiueH Mepe TpeMH pojiHKaMH, o6pa3yiomHMH BMecrre KajiH6p, oahh H3 KOTopbix 
(})opMHpyeT BHeiuHK)K) noBepxHOCTb o6o^a jxhckzl c ycHJiHeM He 6ojibiiJHM, MeM ycHJina 
ot iiByx jxpymx pojihkob, 4)opMHpyiomHx BHyTpeHKDK) noBepxHOCTb o6o,aa; 

(J)opMoo6pa30BaHHe zieTajien THna o6ojioMeK npoH3BOfl*T c nepnonHHecKHM 
huh HenpepbiBHbiM CMemeHHeM nHHOJien OTHOCHTejibHO hcxoahoh njiocKOCTH nponaTKH 
Ha cy m MapHyio BejiHHHHy, paBHyio 3aaaHHOH cTpene nporn6a aeTajiH; 

4>opMOo6pa30BaHMe iieTajien THna o6ojiomck npoH3BOAHT pojiHKaMH, 
pacnoJio>KeHHbi m h Ha pa3Hbix pacTOHHHax ot ueHTpa BpaiueHHH 3aroTOBKH , He 
npeBbnuaHDuuHx hjihhv HanajibHoro KOHyca pojihkob; 

npoKaTKv BeayT c yBcmmeHHeM ckopocth nepeMemeHHfl pojihkob b pa/uiajibHOM 
HanpaBJieHHH ot och jxwckb. ahcku; 

npoKaTKy cjio>KHonpo(})HJibHbix, HanpHMep , KOM6HHHpoBaHHbix fleTajiefi THna 
AHCKa c BajiOM, BenyT no MeHbwen Mepe TpeMfl pojiHKaMH , co6cTBeHHbie och KOTopbix 
MoryT noBopawnBaTbcs b npcaejiax ot 0 jxo ! pa/inaHa no othoiuchhk) k och BpameHHH 
3aroTOBKH h cocrraBJiflTb c upvniMH pojiHKaMH yroji b npeaejiax ot 0 jxo 2n pa/jnaH; 

3arOTOBK>' npOKaTblBaJOT pOJIHKaMH CMeiUCHHblMH OTHOCHTejibHO njIOCKOCTH, 

npoxozxameH nepe3 ocb 3aroTOBKH Ha BejiHHHHy He npeBbiuuaiomyK) cpeAHHH paanyc 



pa6o4efi nacTM HHcnpyMeHTa; 

TOJiuiHHy npoKaT bI BaeMOH 3aroroBKH y MeHm c ysc nmeHiieM ee waMeTpa . 
npoKarKy Beayr hjhchu Hanpa BJ1 eHHe BpameHHe aaroroBKH h P o,ihkob; 
npoKaTKy B e ayT HBMeHa* pa^a^Hoe HanpaB„eHHe nepeMemcHH* P o,hkob Ha 

npoTHBono^o>KHoe; 

npoKarxy c yseroM Bcex BuwenepenHCiieHHux npHeMOB n P oH3Bo^ T b 

6e30KHCJiHTejibHOH cpe,ae. 

to peu,e„„» nocraBjieHHofi 3 a fl a,„ Heoexo^o ™„» „3ro TOM c„„e 
3aroToBoK „ MHOro4>a3Hblx cnjiaBOB c noaroTOB^Hoi, cpy^. TaKy]0 
cipyropy n My ,a WT nyTe „ ,e*op„a u „„„„o . T ep„„ H ecKo fl o6pa6o™, KO ro PyM 
ocymecTBjisioT H aH„„a» c ™n„ , npH KOTOpoil cyMMapHoe co fl ep*a„„e 
b MM =„„b,x *a 3 „™ aiuioTponHHccKoH M M „*„Ka„„„ „a^„ UM COCIaM , CT 6<Mee 
7%, H noceayo^, nocTulli , Hb , M CHlmeH „ eM ^ 
r=M„e P a Wb , 1 f„ pMMpOBaH „ 9 CTa5HJltHo( . Mej , K03epHHcTo(j £ 

coo T „ou I e„„e„ P a3»,e P „B3e P e„ P a3„ b ,x4,a3. pa^a^Hxc „e 6o,« ,e M , , 0p a 3 
n P H 3 TO „ ^o P Mau„,o „a ne P BO B „ Ka„o„ noce^efi cr M „„ np^ c0 
cm«H»„ . 3ra „Ba„c„ T „ b ,„„ cTcnemi ^o P Ma u „„ „„„ ^ „„„ „ 
coc™,™,,™, ,. 2 . 3 .9 Kp a T „oc „3„ CHeH „ c nmmaw ^ 
cooTBercTBeHHO „cxo aTOii „ M „.,„ e r, c™„„, ^o P Ma u „o„„„- T ep„„,eCKy M 
o6 P a6o™ y coBMctuaioT c nranpmmMUI *o P „„o 6p a3o.a„„ e „ 3 aroTOBKH „„« 
npoKaTKy. 

to pcujemm nocraB,c„„or, 3 a M ,„ np „ mroTOMeHHH m 
*apo„ P o,„ W x HHKe , eBt|x cnia8oB npomBMiiT ^ opMau „ OHHo . TepM(]HecKyio 
06 P a 6 „ TK y cno, , KOTOpyK) ocyuue _ . _ ^ 

™„„ .„ P „ KOTOpol -, cy^.a.Hoeco^aHHer.^, 
« reMnepa^B, „ape„,„, npHHeM . y _ M 



cHHweHHe TeMnepaTypbi o6pa6oTKH, o6ecneHHBaa npHpocr KOJiMHecraa y'-(})a3bi Ha 
Ka>KaoM crraiiHM He 6ojiee , hcm Ha 14% , npw stom ae<})opMauHio Ha nepBOH h KaacaoH 
nocjieAyiomefi craaHH npoBO^HT co creneHJiMH , 3KBHBajieHTHbiMM crreneHH ,ae<J)opMauHH 
npw ocajiKe hjih npoTH>KKe , h cocraBJiflioiWMH 1,2-3,9 KpaTHoe H3MeHeHHe njiomaiiH 
nonepewHoro ceneHHa 3arpTOBOK cooTBercrBeHHO hcxoahoh h Ha npezibiAyuiefi craAHH, a 
b KOHue Ka>KaoH crraaHH npoBOA^T nocjie^ec|)opMauHOHHbiH o-dkht, npn 3tom 
Ae4)opMauHOHHO-TepMHHecKyio o6pa6oTKy coBMemaioT c npe^BapHTejibHbiM 
(J)opMoo6pa30BaHHeM 3aroTOBKH uojx npoKaTKy. 

KpoMe Toro nocTaBJieHHaa 3aaaHa peiuaeTCfl h b Tex cjiynaax, Kor^a: 

-b KOHue Ka>KaoM cra^HH npoBOAHT nocjicae^opMauHOHHbiH ottkht 6e3 
npHJio>KeHH5i Harpy3KH npH TeMnepaType He Bbiuie TeMnepaTypbi Hanajia ae^opMauHH, b 
TeneHHe Bpe\ieHH x : 

x= K T • f$ / f M , 

TZie K T -3MnHpHMeCKHH K03(})4)HUHeHT, 3aBHCJIlUHH OT XHMHHeCKOTO H (})a30Boro 

cocTaBa h TeMnepaTypHbix ycriOBHM o6pa6oTKH(K T =12-48) ; f„, - o6*beMHaa rojih 

MBTpHLibl W BTOpOM (J)a3bi; 

-B KOHUe K*a>K/lOH CTaAMH npOBOZWT nOCJieAe(|)OpMaUHOHHbIM OTTKHF c 

npmio>KeHHeM Harpv3KH nocpeiiCTBOM H3MeHeHMfl ckopocth ae^opMauHH b cooTBercrBHH 

C 3£1BMCM MOCTbK) : 

Ek = Ki • £„• (1+ f M - f«j> )/( l+f„ ) , 

rzie e K - CKopocTb ,aec{)opMauHn b KOHue ctuzihm; 

Eh CKopocTb necfeopNiauHM b Hawajie cTaflHH; 

K a - 3MnHpHMecKHH K03(})4)MUHeHT, 3aBHCflmHH ot XHMHHecKoro cocTaBa cnjiaBa 
h TeMnepaTypHO-cKopocTHbix pewHMOB AecJ)opMauHH (K fl =0,l-0,9); f$ > 0,07; 

-Aecj)opMauMK> Ha nepBOH CTajiHH ocyiuecTBJiaioT co CKopocTbK) 1 0"^ - 10" 3 c" 1 , a 



ckopoctb Ae«J,op M au„H H a noceayotuHx enum Bbi6MpaioT b cootbctctbhh c 

3aBHCHMOCTbK) : 

rzte En - CKopocTb ae(J)op M auHH H a nocjieayiomeii cwum: 
£np - CKopocTb ae(J)opMauHH H a npeauflyiyefi CTa^HM: 
T W reMneparypa nojiHoro pacxBopeHH* bto P oh ^i; K+- 3Mn H pHHecKHfi 
K03M„ weHT , BaBHcmHfi or XHMHMecKoro h (})a30Boro cocraBa c nJ ,aBa ( K,=0,5-2); 

-«m BbicoKOJierHpoBaHHbix co^bob npeHMymec^HHO C ,IHTOH CTp yKTyp o H a 
raKxe MMonerHpoBaHHUx chuhbob ocymecrB^r npe^apHT^bHyK, flTO b 
HHrepBa.e reMneparyp or 0.95T™ no re.nep^ . np„ KOTOpofi COflep)KaHHe BTOpofi 
cDaab, cocker H e 6o.ee 7 % . npH 3TOM o6pa6o7Xy ^ £ nocnwwBlHM 
reMnepa^b, , npnneM „a mo * era*™ reMnepa^y „ CKOpocrb «*op MMWH 
per.aMeHTHpyiOT comacHo coothouichhio : 
e K / e„ = K + . (T K / T„) 

rw L - CKopocTb ae^opwauHH b KOHue crawH; e„ - cKopocrb 

aecj)o P MauHH b Hanajie CTaiiHH ■ T TP»npn, T , m . . 

iditMM. i K TeMnepaTypa ae^opMauHH b Komje cTa^MH; T„ - 

TeMnepaTypa ae^opMauHM b Ha-ia.ne CTamm: 

K, - 3MnnpHHeCKMH K03 + *„ UH e„T. 3a B M CSIUI Hfi OT XHMHHeCKOrO H (^aSOBOPO 

cocTaBa cnjiaBa (K$=0,5-2); 

-nep« a e*o P M.«„eii saroroBKM noMeuiawr b Ten,o„3o.„py I ou I „ fi KOHreHHep, 

TOJHUHHa CTeHKH KOTOpOFO Bbl6Hp ; ,eTCH H3 COOTHOWeHHH: 

A = Km »a', / a", 

r^e A - ToniuHHa ctchkh KOHTeiiHepa; 

av HanpajKeHMe reweHH* MarepHajia BaroroBKH np H Tewnepaiype 
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;ie(})opMauHH; 

a K s - HanpaxceHHe tcmchhh MaTepnajia KOHTewHepa npn TeMnepaType 
iie^opMauHH; 

K M - 3MnHpHHeCKMM K03(})(J)HLJHeHT, 3aBHC5JLUHH OT KOHCTpyKUHH KOHTeHHepa, 

xapaKTepHCTHK npoMe>KyTOMHoro Mexcay 3aroTOBKOH h creHkaMH KOHTewHepa 
TennoH30JiflUHOHHoro MaTepwajia (K M =4-8); 

3aaaMa nojiyMeHHH cneunajibHOH perjiaMCHTMpOBaHHOH crpyKTypbi peuiaeTca 

nOCpeflCTBOM KOM6HHHpOBaHH5l npHCMOB JIOKajIbHOrO (|)OpM006pa30BaHHJI nCWOTOBKH 

crpyKTypbi h TepMoo6pa6oTKH, a mmchho: 

-nepen npoKaTKOH 3aroTOBOK H3 AHcnepCHOHHO-TBepaeiomHx HHKejieBbix 
cnjiaBOB npoBo^T aonojiHHTejibHbin cmKHr b o/mocJ)a3HOH o6jiacTH, ho He Bbime 1,07 
T n.p. y' (TeMnepaTypbi noJiHoro pacTBopeHHJi y'- (J>a3bi) c nocjieflyiomHM oxjia^eHHeM 
c TeMnepaTypbi croKHra ao TeMnepaTypbi He Bbiiue TeMnepaTypbi ae^opMauHH, c 
nocTOHHHOH hjih nepeMeHHOH cKopocTbio, o6ecneHHBaK>meH npHpocrr KOJiHHecTBa y'- 
(})a3bi b HHTepBajie ot 5% / Mac. #o 50% / Mac, a OKOHMaTejibHyio TepMoo6pa6oTKy 
npoBOAHT npn TeMnepaType HH>Ke Tn.p. y'-$a3bi; 

-nepeii npoKaTKOH no KpaHHefi Mepe b jxsyx coccahhx MacrHx 3aroTOBKH 
npoBO^T ot>kht c co3AaHMeM rpaAweHTa TeMnepaTyp, npHMeM TeMnepaTypy H3MeH«K)T 
b HHTepBajie ot TeMnepaTypbi, paBHOH 0,8 T n.p. y' b oahoh Macrrw 3aroTOBKH jxo 
TeMnepaTypbi , cocraB/miomeH He 6o;iee 1,07 T n.p. y' b apyroH Macrn , npHMeM 
nocjieAyiomee oxjia>K/ieHHe c TeMnepaTypbi oT>KHra no TeMnepaTypbi He Bbiuie 
TeMnepaTypbi aec^opMauHH ocymecTBJiflKvr c nocTOHHHOH hjih nepeMeHHOH cKopocrrbio 
, o6ecneMHBaiomeH npnpocrr KOJiHMecTBa y'- c})a3bi b HHTepBajie ot 5% / Mac. no 50% I 
Mac, a OKOHMaTejibHyio TepMOo6pa6oTKy npoBOAHT npn TeMnepaType HH>Ke Tn.p. y'- 
(})a3bi; 



-npoKaxKy Aerate* npoBoaax b abb arana : „a nepBOM b npe^ax 
reMneparypHoro HHTepaaa. CBepxnjiacxHHHocxM saroroBKy ae<po P MHpyK>x no 
P a3MepoB , cocthb^.ouxhx 0,6 - 0,9 or KonewHb.x paaMepoB aexa™, a H a bto P om axane 
npoBo^r o-nKHr b oaHocJ^HOH o6^ctm h ox,a^e H Me c reMneparyp., ox>KHra no 
xeMnepaxypb, He Bb.me xeMnepaxypb, n^op MaiWii , c nocxbaHHofi hjih nepeMeHHofi 
cKopocTbK,. o6ecneHHB ai omeH npnpocr KOiiHwecrea Y - cpaao, b MHxepBajie or 5% I Mac. 
no 50% / nac, 3 axe M npowBowr no™^ *ec}>opMauHio *o kohchhmx paaMepoB 
h OKOHwaTejibHyio Te P Moo6pa6oTKy np H xewnepaxype Huace Tn.p. /-<j>a3b,; 

-onepauHK) aoKajibHoro cpopMOoep^OBaHH* no KpafiHefi Mepe b * B yx coce WMX 
wacxen 3aroTOBKH npoBo^r c pa3HbiMH cxeneH*MH , H3MeHJuomHMHOi mohotohho ot 
oahoh nacTH 3aroTOBKn k apyron na 0,25-0,75 ot cxeneHH *ecpo P MauHH coce^ew 



wacTH; 



-onepauHH JioicajibHoro *o P Moo6pa30BaHH» coBMeajarcx c oxjhwcwhhcm nocjie 
OT/Knra aaroTOBKH *o TeMnepaTypb, ^opMauHH, np H 3 TOM b Hana.bHb.H momcht 
BpeweHH coBMemeHHJi cKopocTb'^opMauHH cHHacarcx b 10-100 pa 3 , h aanee k KOHny 
oxjia^eHHH CKopocxb aecpopMauHM yBejiHHHBatox no sa^HHofi; 

-OKOHHaTe.nbH.vK, xepMooopaooxKy aexa.eH c Me^03ep H HcxoH cxpyKxypofi, 
npeuMvuaecxBeHHo npe^HaneHHb.x nn» OKcn.yaxauHH np„ xeMnepaxypax , 6,h3khx 
k TCMneparype cxapeH,,, cn.xaeoB, npoBo^x c narpeBOM Bb.we xeMnepaxyp bI 
pacxBopcHHH btopoR 4> a3w MJIll H t ,3KOTe M nepaTypHOH aonorponHwccKOH 

MOAHCPHKHUHH MaTpHUb! B TCHCHHH BpCMCHM, AOCTaTOWHOM ^ yKpynHeHH* 3epCH «, 

2-10 KpaTHoro pa3Mepa. 

14 HJUTfOCTpaUHM. 



